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Foreword 


Sunshine  and  clouds;  rain,  snow,  hail  and  wind;  smog,  drought,  and  storms,  are  among 
the  phenomena  loosely  referred  to  as  the  Weather.  These  are  the  elements  in  mesomete- 
orology  that  are  brought  into  focus  in  this  report.  Forecasting  these  elements  to  every- 
one's satisfaction  has  been  among  the  foremost  challenges  to  the  science  of  meteorology. 

On  November  12,  1965,  the  Federal  Committee  for  Meteorological  Services  and  Support- 
ing Research,  chaired  by  Dr.  J.  Herbert  Hollomon,  Assistant  Secretary  of  Commerce  for 
Science  and  Technology,  agreed: 

"...  that  a  coordinated  Federal  Plan  for  attacking  the  subsynoptic  scale  fore- 
casting problem  be  prepared  and  have,  as  its  objective,  a  research  and  develop- 
ment program  leading  toward  better  weather  services  ..." 

On  November  19,  1965,  Dr.  Robert  M.  White,  the  Federal  Coordinator  for  Meteorolog- 
ical Services  and  Supporting  Research,  assigned  the  task  of  preparing  a  Federal  Plan  on 
mesometeorological  problems  to  the  Interdepartmental  Committee  for  Applied  Mete- 
orological Research  (ICAMR),  adding  these  thoughts: 

".  .  o  although  some  measure  of  progress  has  been  made  over  the  years  in  the 
area  of  the  subsynoptic  forecast  problem,  it  is  clear  that  a  fresh  ap- 
proach which  would  examine  data  acquisition  and  forecasting  problems  is  called 
for.  The  technology  of  weather  observations  is  now  progressing  to  the  point 
where  significant  departures  from  past  observation  practices  may  be  feasible. 
Similarly,  an  understanding  of  atmospheric  dynamics  has  now  proceeded  to  the 
point  where  a  physical  approach  to  the  forecasting  problem  may  be  possible.  .  ." 

On  December  7,  1965,  the  ICAMR  recommended  to  the  Federal  Coordinator  that  a  panel 
of  scientists  outside  of  the  Federal  Government  be  formed  for  the  purpose  of  providing 
guidelines  to  be  used  in  pursuing  the  task  of  preparing  the  Federal  Plan.  The  panel  mem- 
bership was: 

Mr.  Joseph  J.  George  Eastern  Airlines,  Inc. 

(Chairman) 

Mr.  Eugene  Bollay  E.   Bollay  Associates,  Inc. 

Prof.  Homer  Hiser  University  of  Miami 

Prof.  Edward  Lorenz  Massachusetts  Institute  of  Technology 

Prof.  Richard  Reed  University  of  Washington 

Prof.  Frederick  Sanders  Massachusetts  Institute  of  Technology 

Prof.  Jerome  Spar  New  York  University 

During  February  14-17,  1966,  the  panel  met  at  the  Headquarters  of  the  American 
Meteorological  Society  in  Boston.  The  Federal  Coordinator  made  the  keynote  address 
followed  by  a  slate  of  invited  speakers  from  the  Departments  of  Agriculture,  Commerce, 
Defense,  and  Health,  Education  and  Welfare,  from  the  Atomic  Energy  Commission,  and 
from  the  Federal  Aviation  Agency.  Each  speaker  presented  a  paper  on  the  activities  of 
his    respective    Agency.        These   presentations    set    the    stage  for  panel  deliberations. 

The  guidelines  which  were  produced  by  the  panel  were,  in  essence,  developed  along 
two  main  lines  of  thrust.    They  recommended: 

a.  The    establishment  of  a  primary,  well-instrumented,  R&D  mesoscale  network  for 
long-term,  substantial  forecasting  gains. 

b„  The  establishment  of  several  simple,  low-cost  mesoscale  networks  around  selected 
urban  areas  for  immediate  forecast  gains. 


in 


On  March  1,  1966,  the  ICAMR  established  an  Interagency  Ad  Hoc  Group  to  draft  a  Fed- 
eral Plan  using  the  guidelines  provided  by  the  panel.  On  May  25,  1966,  the  ICAMR  dis- 
cussed the  work  of  the  Ad  Hoc  Group  and  agreed  that  an  expansion  of  its  effort  was 
necessary.  Toward  this  end  a  full-time  Interagency  Task  Team  was  established  on 
June  13,  1966o  This  report  is  the  culmination  of  the  work  of  this  team  which  submitted 
its  results  to  the  ICAMR  on  November  30,  1966  for  review. 

The  next  step  has  already  been  taken.  The  Federal  Coordinator,  acting  upon  the  rec- 
ommendation of  the  ICAMR,  has  obtained  the  acceptance  by  the  Department  of  Commerce 
(ESSA)  of  the  responsibility  for  the  preparation  of  a  Federal  Plan  of  action  and  to  act 
as  executive  agent  in  its  implementation.  This  report  will  be  used  as  the  technical  basis 
by  the  Department  of  Commerce  (ESSA)  in  carrying  out  this  responsibility. 

On  behalf  of  the  Interdepartmental  Committee  for  Applied  Meteorological  Research, 
may  I  express  our  appreciation  to  the  Task  Team  on  Subsynoptic-Scale  Meteorological 
Problems  for  this  report,  which  represents  a  significant  milestone  in  a  long  series  of 
attempts  to  place  mesometeorology  in  the  proper  perspective  to  receive  its  share  of 
attention  from  the  scientific  community. 


i^£^W«Aiv 


Clayton  E.  Jensen 
Chairman,  ICAMR 
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Subsynoptic-Scale  Meteorological  Problems 


1,0     INTRODUCTION 

1.1     THE  EMERGENCE  OF 
MESOMETEOROLOGY 

THE  EARLIEST  impetus  to  modern  meteorology 
may  be  traced  back  to  a  disaster.  During  the 
Crimean  War  a  strong  storm  caused  great  damage 
to  the  French  fleet  in  the  Black  Sea.  To  prevent 
the  recurrence  of  such  a  catastrophe,  the  Emperor 
Napoleon  III  commissioned  the  astronomer  Lever- 
rier,  who  had  recently  deduced  the  existence  of 
the  planet  Neptune,  to  find  out  whether  the  storm 
could  have  been  predicted  and  hence  avoided. 
Leverrier  soon  discovered  that  the  storms  were 
associated  with  atmospheric  circulation  systems 
some  thousand  kilometers  in  diameter.  These 
systems  retained  their  identity  and  could  be 
traced  for  several  days  as  they  moved  in  a  gen- 
eral easterly  direction.  This  discovery  led  to  the 
first  system  of  monitoring  meteorological  sta- 
tions which,  with  the  help  of  the  telegraph,  de- 
veloped into  the  rudiments  of  the  present  world- 
wide meteorological  networks. 

The  forecasting  of  weather  has  traditionally  de- 
pended on  a  succession  of  instantaneous  pictures 
of  the  atmosphere— a  synopsis  of  the  discrete 
pieces  of  information  provided  by  a  number  of 
simultaneous  observations.  The  expression  "syn- 
optic meteorology,"  coined  in  recognition  of  this 
fact,  gradually  came  to  be  associated  with  both  the 
scale  of  atmospheric  cyclones  and  anticyclones 
depicted  by  the  synoptic  observations,  and  with 
the  traditional  methods  of  operations  which  pre- 
vailed before  the  advent  of  the  electronic  computer 
and  which  for  a  long  time  were  based  on  surface 
observations. 

Another  disaster,  this  time  a  holocaust  on  a 
global  scale,  was  responsible  for  yet  another  mile- 
stone in  the  progress  of  meteorology.  To  satisfy 
the  operational  requirements  of  bombers  during 
World  War  II,  the  number  of  upper-air  meteoro- 
logical observations  was  greatly  increased.  These 
upper-air  observations  continued  to  increase  after 
the  war.     They  enabled  meteorologists  to  follow 


the  daily  configurations  and  movements  of  waves 
in  the  upper  westerlies  (with  wavelengths  of  sever- 
al thousand  kilometers),  and  to  study  the  influence 
of  these  waves  on  the  development  and  movement 
of  surface  weather  systems. 

One  of  the  most  important  concerns  of  modern 
meteorology  has  been  to  describe  and  forecast 
the  behavior  and  interplay  of  these  "macroscale" 
features,  often  loosely  termed  "synoptic- scale." 
During  the  last  two  decades  a  revolution  has  oc- 
curred in  meteorological  research  and  practice. 
This  was  largely  due  to  the  ability  of  mete- 
orologists to  capture  the  essence  of  macroscale 
processes  in  terms  of  relatively  simple  mathe- 
matical models  which  can  be  solved  by  modern 
electronic    computers    on    a    day-to-day    basis. 

Side  by  side  with  the  above  developments,  a 
new  branch  of  meteorology,  micrometeorology, 
was  slowly  developing.  This  dealt  mostly  with 
the  very  small-scale  structure  and  especially 
the  vertical  stratification  of  the  atmosphere  near 
the  earth's  surface.  Typical  features  of  interest 
range  from  a  few  meters  to  a  few  kilometers  in 
diameter. 

In  recent  years,  increased  attention  has  been 
attracted  by  previously  neglected  mesometeoro- 
logical features  which  are  intermediate  between 
the  macroscale  and  the  microscale  and  often 
termed  "subsynoptic  scale."  There  are  good  rea- 
sons for  this  interest.  It  was  gradually  realized 
that  progress  in  our  knowledge  of  the  dynamics 
of  macroscale  processes,  which  was  initially 
achieved  mainly  by  treating  the  small-scale 
features  as  "noise,"  had  reached  a  stage  where 
a  better  understanding  of  these  smaller  scale 
processes  was  required.  Next  came  an  increas- 
ing awareness  that  these  features  are  identifi- 
able within  their  characteristic  lifespan  and  that 
they  are,  moreover,  intimately  related  to  the 
"weather"  producing  mechanisms  of  the  atmos- 
phere. Sunshine  and  clouds,  rain  and  snow,  severe 
storms,  and  numerous  other  weather  manifesta- 
tions occur  on  this  intermediate  scale. 

The  final,  and  perhaps  the  most  important  rea- 
son for  interest  in  the  subsynoptic- scale  features 


is  that  users  require  weather  forecasts  and 
warnings  with  a  resolution  commensurate  with 
this  scale. 

1.2     PREVIOUS  REPORTS 

Several  proposed  blueprints  for  a  concerted 
study  of  "subsynoptic"  features  have  appeared  in 
recent  years.  Notable  among  these  are  the  1962 
report,  "The  Atmospheric  Sciences  1961-1971," 
to  the  Special  Assistant  to  the  President  for  Sci- 
ence and  Technology  by  the  Committee  on  Atmos- 
pheric Sciences  of  the  National  Academy  of  Sci- 
ences,1 the  report  of  the  National  Task  Group  for 
Mesometeorology  to  the  Interdepartmental  Com- 
mittee for  Atmospheric  Sciences2  and  the  report 
of  the  NCAR  National  Meso-Micro-meteorologi- 
cal  Facility  Survey  Group.3 

On  March  1,  1966,  the  Interdepartmental  Com- 
mittee for  Applied  Meteorological  Research 
(ICAMR)  established  an  ad  hoc  group  to  draft  a 
Federal  Plan  on  Subsynoptic  Scale  Meteorological 
Problems.  The  group  was  to  follow  guidelines 
provided  by  a  panel  of  distinguished  nongovern- 
ment scientists  who  had  been  invited  by  the  Fed- 
eral Coordinator  to  advise  on  the  preparation  of 
such   a  plan.     The  ad  hoc  group  recommended: 

a.  Adoption  of  a  Federal  Plan  of  action  for 
developing  a  joint  subsynoptic-scale  mete- 
orological research  and  development  pro- 
gram. 

b.  Designation  of  the  Environmental  Science 
Services  Administration  as  the  responsible 
Agency  to  effect  this  Federal  Plan. 

c.  Selection  of  the  area  within  a  100-mile 
(approximate)  radius  of  New  York  City  as  the 
area  for  the  program  activity. 

1.3     AUTHORITY  AND  TERMS  OF 
REFERENCE 

On  May  25,  1966,  the  ICAMR  discussed  the 
report  of  the  ad  hoc  group  and  agreed  that  an 
expansion  of  the  report  was  necessary.  Toward 
this  end  a  full-time  Task  Team  was  established 
on  June  13,  1966.  The  complete  Terms  of  Ref- 
erence for  this  Task  Team  appear  in  appendix  A. 

The  Task  Team  was  charged  with  the  prepara- 
tion of  a  coordinated,  draft  Federal  Plan  having 
as  its  objective  the  development  of  a  multiagency 
program  for  applied  research  in  mesometeorology 
which  would  lead  toward  better  weather  services. 

2.0     CONCLUSIONS  AND  RECOMMENDATIONS 

2.1     CONCLUSIONS 

a.    Considerable    applied  research  and  develop- 
ment   on    subsynoptic-scale    meteorology    is 


^etterssen,  et  al.,  1962. 
2Swingle,  et  al.,  1963. 
3Panofsky,  et  al.,  1964. 


currently  conducted  by  different  Agencies  of 
the  Federal  Government. 

b.  By  necessity,  there  is  an  imbalance  between 
research  to  refine  skills  to  meet  special  op- 
erational requirements  and  fundamental  re- 
search to  elevate  standards  of  mesoscale 
forecasts.  Not  enough  effort  is  being  devoted 
to  the  latter. 

c.  There  are  numerous  individual  mesometeoro- 
logical  problems.  Their  number  and  the  data- 
acquisition  requirements  appropriate  to  their 
study  make  research  on  the  totality  of  these 
individual   problems  prohibitively  expensive. 

d.  Fortunately,  many  of  the  individual  problems 
are  closely  interrelated  and  are,  therefore, 
amenable  to  an  integrated  approach. 

e.  Increased  capability  in  forecasting  profiles  of 
wind,  temperature  and  moisture  in  the  bound- 
ary layer  appears  to  provide  a  key  to  the  solu- 
tion of  many  mesoscale  problems,  and  re- 
search to  increase  this  capability  should  be 
considered  as  one  of  the  most  vital  parts  of 
any  proposed  integrated  Federal  Plan  or  pro- 
gram to  remedy  these  problems. 

f.  Field  experiments  in  implementing  such  a 
plan  or  program  should,  to  the  extent  feasible, 
make  use  of  existing  mesonetwork  facilities 
which  would  be  augmented,  as  necessary,  by 
mobile  systems. 

g.  In  selecting  locales  for  the  field  experiments, 
initial  consideration  should  be  given  to  those 
with  uncomplicated  boundary  conditions.  Also, 
the  selection  of  the  site  should  consider  the 
frequency  of  the  occurrence  of  the  phenomenon 
to  be  studied. 

h.  On  the  basis  of  the  above  principles  and  of  an 
analysis  of  a  proposed  research  program,  the 
current  facilities  around  NSSL  and  NAFEC 
suggest  themselves  as  suitable  locales  for  the 
initial  field  experiments.  An  expansion  of  the 
latter  facility  would  allow  studies  of  the  in- 
creasingly important  special  problems  of  the 
megalopolis. 


2.2     RECOMMENDATIONS 
It  is  recommended: 

a.  That  an  interagency  organization,  to  be 
called  NAMRO,4  be  established  to  carry  out 
an  integrated  Federal  Plan  for  a  Federal 
program  of  applied  research  and  develop- 
ment in  mesometeorology  to  overcome  de- 
ficiencies in  the  several  meteorological 
services  including  basic,  aviation,  agri- 
culture-forestry and  air  pollution. 

b.  That  the  Federal  Plan  comprise  the  follow- 
ing projects: 


4National    Mesometeorological  Research  Organization,  a 
name  proposed  by  Swingle,  et  al.,  1963. 


Boundary-layer  Profile  Project 
Clouds  and  Precipitation  Project 
Air  Resources  Project 
Agriculture-Forestry  Project 
Aviation  Project 
Severe  (Convective)  Storm  Project 

c.  That  the  Department  of  Commerce  (ESSA) 
be  given  executive  responsibility  for 
NAMRO  which  would  be  supported  coopera- 
tively by  the  participating  Agencies. 

d.  That  an  advisory  committee,  composed  of 
representatives  from  participating  Agen- 
cies, be  established  to  assist  the  Adminis- 
trator of  ESSA  in  carrying  out  the  Federal 
Plan.5 

e.  That  priority  be  given  to  studies  aiming  to 
improve  capabilities  in  forecasting  profiles 
of  wind,  temperature  and  moisture  in  the 
boundary  layer,  since  such  a  capability  has 
a    direct    bearing    on   all   other   projects. 

f.  That  NAMRO  design  the  initial  data-ac- 
quisition program  around  the  present  NSSL 
and  NAFEC  facilities  in  accordance  with 
section  12.0. 

g.  That  consideration  be  given  to  eventual  ex- 
tension of  mesonetwork  facilities  in  the 
NAFEC  area  to  enable  effective  research 
on  the  special  meteorological  problems  of 
the  megalopolis. 

h„  That,  whenever  feasible,  research  under  the 
Federal  Plan  should  be  coordinated  with 
other  relevant  national  or  international  pro- 
grams, e.g.,  the  National  Weather  Modifica- 
tion Program  and  the  World  Weather  Pro- 
gram. 

3.0     PROBLEM  DEFINITION 

The  term  "subsynoptic- scale"  weather  sys- 
tems, aside  from  being  a  misnomer,  comprises 
all  atmospheric  features  having  a  horizontal  scale 
of  less  than  about  a  few  hundred  kilometers.  How- 
ever, a  more  restrictive  working  definition  was 
imposed  in  the  terms  of  reference  of  the  present 
Task  Team.  According  to  this  definition,  the  set 
of  subsynoptic- scale  weather  systems  of  interest 
to  this  plan  is  composed  of  all  middle-  and  high- 
latitude  systems  except  the  very  small  micro- 
systems in  close  proximity  to  the  ground  and  ex- 
cept the  macrosystems  which  are  adequately  de- 
scribed by  the  existing  aerological  networks. 
Tropical  weather  systems  including  hurricanes 
and  typhoons  are  excluded. 

Even  with  this  restriction,  the  individual  mete- 
orological problems  within  the  present  range  of 
interest   are   legion   and  are  not  amenable  to  a 

5DOD  and  FAA  Task  Team  members  prefer  the  following 
alternative  version  of  this  recommendation:  "That  a  steering 
committee  appointed  by  the  Federal  Committee  composed  of 
representatives  from  the  participating  Agencies,  be  estab- 
lished to  provide  general  direction  to  the  NAMRO  Director 
throughout  this  endeavor." 


complete  listing.  Table  1  gives  a  partial  list 
of  problems  which,  for  the  sake  of  convenience, 
are  grouped  into  a  few  broad  categories.  This 
list  of  problems  forms  the  nucleus  around  which 
this  report  is  developed. 


Table  l.—A  Partial  List  of  Subsynoptic-Scale 
Problems 

A.  Basic  Meteorological  Elements 

1.  Surface  temperature 

2.  Surface  pressure 

3.  Surface  moisture 

4.  Surface  wind 

5.  Wind,  temperature  and  moisture  profiles 

a.  Lower    troposphere    (gradient-wind 

level) 

b.  Upper  troposphere  (Jetstream  level) 

c.  Stratosphere 

B.  Weather  Manifestations 

1.  Clouds  (type,  height,  amount) 

2.  Precipitation  (rain,  snow,  sleet) 

3.  Visibility  (fog,  haze,  smoke,  dust) 

4.  Dew 

5.  Frost 

6.  Icing 

7.  Icing  in  the  free  air 

8.  Suspended    hydrometeors    at    supersonic 

flight  levels. 

C.  Severe  Local  Weather 

1.  Tornadoes 

2.  Damaging  surface  winds 

3.  Hail 

4.  Lightning 

5.  Heavy  precipitation 
6„  Turbulence 

D.  Complex  Weather  Criteria 

1.  Air  pollution  potential 

2.  Transport   and   diffusion  of  air  contami- 

nants 

3.  Deposition,  washout  and  rainout 

4.  Fire-weather  index 

5.  Sonic-boom  intensity  potential 

6.  Evaporation  potential 

7.  Occurrence  of  turbulence 

8.  Marine   weather   elements  (storm  surge, 

wave  heights,  etc.) 

9.  Refractive  index 


E.    Weather  Modification 

1.  Rainfall  augmentation 

2.  Fog  dispersal 

3.  Hail  suppression 


In  addition  to  the  above  meteorological  prob- 
lems, some  Agencies,  notably  the  Department  of 
Defense,  have  the  problem  of  operating  largely 
over  data- sparse  areas  or  over  areas  where  they 
do  not  fully  control  the  weather  observing  serv- 
ices. 

4.0     ANALYSIS  OF  CURRENT  RESEARCH 

4.1     COST 

Considerable  research  and  development  is  cur- 
rently being  undertaken  by  interested  Federal 
Agencies  on  different  aspects  of  these  mesome- 
teorological  problems.  To  help  assess  the  pres- 
ent research  and  development  effort,  participating 
Agencies  were  requested  to  submit  project  de- 
scriptions of  present  and  planned  research  rele- 
vant to  these  problems,  A  brief  description  of 
projects  directly  related  to  the  problems  enum- 
erated in  table  1  is  given  in  appendix  B.  The 
cost  of  this  research  for  Fiscal  Year  1967  is 
itemized  in  appendix  C. 

It  should  be  noted  that  the  data  for  the  above 
analysis  may  not  be  all-inclusive.  The  figures 
are  based  only  on  those  project  descriptions  which 
the  participating  Agencies  considered  both  rele- 
vant and  unclassified.  Furthermore,  the  projects 
were  grouped  subjectively  into  different  categor- 
ies depending  on  whether  the  Task  Team  con- 
sidered them  subsynoptic,  non-subsynoptic,  in- 
directly related  to  the  problems  of  table  1,  or 
directly  related  to  these  problems.  Appendixes 
B  and  C  refer  only  to  the  directly  related,  sub- 
synoptic  problems. 

In  view  of  the  above  considerations,  the  sum- 
mations in  appendix  C  should  be  considered  only 
as  an  index  to  current  expenditures  on  applied 
research  and  development  related  to  subsynoptic 
problems  currently  undertaken  by  Federal  Agen- 
cies. For  the  same  reasons  a  comparison  of  the 
expenditures  by  different  Agencies  on  various 
problems  was  not  considered  appropriate.  Ap- 
pendix C,  therefore,  lists  total  estimated  expendi- 
tures in  Fiscal  Year  1967  by  all  Agencies,  for 
each  problem. 

4.2     DESCRIPTION 

Examination  of  appendix  B  reveals  that  some 
research  effort  is  being  devoted  to  most  of  the 
problems  listed  in  table  1.  Much  of  this  effort 
is  being  directed  to  the  problem  of  observing  the 
atmosphere  with  mesocale  resolution,  both  in 
accessible  and  remote  places.  For  this  purpose 
indirect  sensing  appears  to  offer  the  greatest 
promise,  and  a  sizable  fraction  of  the  total  costs 
are  being  devoted  to  improve  capabilities  in  this 
area.  A  certain  amount  of  effort  is  also  being 
directed  to  the  application  of  indirect  sensing 
techniques  to  observe  and  measure  certain  meso- 
meteolorogical  phenomena.  Otherwise,  the  sta- 
tistical approach  continues  to  dominate  research 
in  forecasting  techniques,  both  for  special  con- 


sumer groups  like  agricultural  and  aviation  in- 
terests and  for  the  general  public. 

A  start  has  been  made  in  introducing  objective 
dynamical  techniques  in  forecasting  such  elements 
as  surface  pressure  and  precipitation  with  sub- 
synoptic resolution.  However,  this  is  being  done 
mainly  by  incorporating  some  refinements,  (e.g., 
a  fine  computational  grid)  within  an  essentially 
macroscale  framework. 

The  rest  of  the  research,  aside  from  diagnostic 
studies  designed  to  increase  present  knowledge 
of  the  structure  and  behavior  of  mesoscale  sys- 
tems, is  tailored  to  support  special  missions  and 
operations  of  participating  Agencies. 

4.3     LIMITATIONS 

Progress  in  the  environmental  sciences  has 
been  marked  by  an  interplay  between  observations 
and  theoretical  studies.  Improved  descriptions 
have  served  to  stimulate,  guide,  and  evaluate 
theoretical  studies.  These  in  turn,  have  provided 
better  insights  into  further  observational  require- 
ments. 

While  considerable  progress  in  macromete- 
orology  has  been  achieved  by  this  feedback  be- 
tween description  and  theory,  no  parallel  ad- 
vances have  been  achieved  in  mesoscale  meteorol- 
ogy despite  increasing  awareness  of  the  import- 
ance of  this  field  to  the  daily  activities  of  a  wide 
variety  of  users.  This  is  in  large  measure  due 
to  the  diversity  and  complexity  of  the  problems 
involved  and  to  the  high  cost  of  the  research  re- 
quired to  achieve  long-term  gains.  In  recent 
years,  a  comparatively  large  number  of  facilities 
to  measure  and  analyze  mesoscale  systems  have 
been  developed  in  different  parts  of  the  United 
States.  However,  most  of  these  facilities  have 
been  primarily  intended  to  support  special  opera- 
tions and  missions  and  they  fall  short  of  the  four- 
dimensional  mesometeorological  data  required  to 
develop  and  test  suitable  theories  and  models  of 
mesoscale  systems. 

As  a  result,  forecasts  of  mesometeorological 
phenomena  are  being  made  within  what  is  essen- 
tially a  synoptic- scale  framework.  Macroscale 
features  and  observations  are  translated  into 
subsynoptic  phenomena  principally  by  statistical 
and  analog  techniques  without  thorough  knowledge 
of  the  interrelations  between  the  different  scales. 

In  general,  the  accuracy  of  forecasts  of  sub- 
synoptic-scale  events  for  the  benefit  of  different 
categories  of  consumers  depends  on  two  inter- 
related aspects:  the  application  of  proper  spe- 
cialized techniques,  and  the  ability  to  observe 
and  forecast  basic  meteorological  parameters 
which  usually  serve  as  an  input  to  the  specialized 
techniques.  The  quality  of  the  end  product  usually 
depends  on  both  increasing  the  level  of  proficiency 
of  basic  forecasts  and  on  refining  the  specialized 
techniques.  For  example,  the  accurate  prediction 
of  fire-weather  potential  depends  on  an  accurate 


forecast  of  such  meteorological  elements  as  wind, 
humidity,  radiation,  dew,  etc.,  and  on  an  accurate 
determination  of  the  relation  of  various  combi- 
nations of  these  elements  to  fire  hazard.  Refine- 
ments in  the  latter  could  be  wasted  unless  matched 
by  enhanced  capabilities  in  the  former. 

The  present  research  effort  reflects  an  im- 
balance between  long-range  fundamental  research 
and  the  refinement  of  special  techniques  to  meet 
pressing  operational  requirements.  The  reason 
for  this  imbalance  is  that,  in  the  absence  of  suf- 
ficient resources  to  tackle  both  aspects,  mission- 
oriented  Agencies  are  forced  to  concentrate  on 
the  small  but  comparatively  quick  gains  which 
result  from  the  refinements  of  specialized  tech- 
niques. These  gains  are  often  made  at  the  ex- 
pense of  the  longer  range  and  in  general  more 
massive  efforts  required  to  raise  the  general 
level  of  forecasting  competence. 

The  present  research  efforts  reflect  this 
tendency  to  subordinate  long-range  fundamental 
progress  to  the  refinement  of  specialized  skills 
to  meet  pressing  mission-oriented  operational  re- 
quirements. For  this  reason,  the  emphasis  of 
current  applied  research  does  not  give  a  true 
picture  of  the  deficiencies  in  subsynoptic- scale 
meteorology,  although  its  avowed  aim  is  to  im- 
prove capabilities  in  providing  needed  meteoro- 
logical services  to  users. 

4.4  THE  NEED  FOR  A  FEDERAL  PLAN 

Another  reason  for  the  lack  of  a  more  complete 
correspondence  between  deficiencies  and 
research  is  that  the  latter  is  controlled  by  the 
availability  of  scientists,  resources  and  facilities. 
A  problem  remains  unsolved  unless  there  are 
qualified  scientists  to  tackle  it.  Similarly,  de- 
ficiencies, no  matter  how  important  they  happen 
to  be,  are  left  without  remedy  unless  commensu- 
rate resources  are  available.  Thus  some  import- 
ant deficiencies  are  not  reflected  in  current  re- 
search effort  because  they  are  beyond  the  capa- 
bility of  any  single  Agency  to  handle.  An  example 
is  the  study  and  description  of  the  transport  and 
diffusion  of  airborne  material  over  distances  ex- 
ceeding 15  kilometers  between  individual  urban 
complexes  in  a  megalopolis.  This  is  but  one  of 
numerous  problems  which  are  too  large  for  the 
resources  of  any  one  Agency  but  may  well  succumb 
to  a  concerted  effort  of  considerably  greater 
magnitude,  possibly  under  a  Federal  Plan. 

Other  advantages  to  a  Federal  Plan  are  that  it 
provides  for: 

a.  An  integrated  approach  to  the  requirements 
of  different  Agencies  and  users.  This  is 
desirable  since  in  many  instances  the  special 
problems  are  but  variations  of  one  main 
problem  whose  solution  provides  the  key  to 
satisfying    several    special    requirements. 

b.  An  effective  management  of  manpower,  re- 
sources and  facilities.     While  planned  di- 


versity should  be  encouraged  to  engender 
and  foster  alternate  approaches,  excessive 
fragmentation  is  wasteful  and  should  be 
avoided.  Under  a  Federal  Plan,  an  efficient 
use  of  available  men  and  resources  is  pos- 
sible, at  least  in  principle. 

c.  A  continuing  inventory  and  analysis  of  na- 
tional needs.  Priorities  can  then  be  estab- 
lished for  satisfying  these  needs  in  a  manner 
compatible  with  the  public  interest. 

d.  An  effective  communication  among  scien- 
tists which  would  both  avoid  unintentional 
duplication  of  efforts  and  provide  for  a 
cross-fertilization  of  talents  and  ideas.  At 
present,  both  cooperation  among  scientists 
and  coordination  between  Federal  Agencies 
exist  to  a  limited  extent.  The  very  success 
of  such  limited  cooperative  projects  points 
to  the  desirability  of  extending  their  scope. 
This  would  be  more  easily  accomplished 
within    the    framework    of  a  Federal  Plan. 

5.0     PROCEDURE  AND  SCOPE 

The  flow  chart  of  figure  1  gives  a  schematic 
description  of  the  procedure  used  in  developing 
the  present  report.    It  begins  with  an  analysis  of 
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Figure  1.— Procedural  Flow  Diagram 


user  requirements  in  the  following  six  broad 
problem  areas  which  comprise  a  majority  of  the 
problems  enumerated  in  table  1 : 


a.    Profiles  of  wind,  temperature  and  moisture 

in  the  boundary  layer, 
bo    Clouds  and  precipitation. 

c.  Meteorological  problems  of  air  pollution. 

d.  Meteorological  problems  of  agriculture  and 
forestry. 

e.  Meteorological  problems  of  aviation. 

f.  Severe    convective    storms    and  associated 
phenomena. 

The  above  classification  was  made  for  con- 
venience of  presentation.  It  is  recognized  that  the 
problem  areas  are  highly  interrelated  and  sev- 
eral different  classifications  could  have  been 
equally  satisfactory. 

By  comparing  the  requirements  in  the  above 
problem  areas  with  present  capabilities,  salient 
shortcomings  are  identified.  These  shortcomings 
may  be  abated  by: 

a.  Procedural  improvements,  e.g.,  communi- 
cations, forecast  schedules,  etc. 

b.  Technological   advances   which   relax   user 
requirements. 

c.  Meteorological    research  and  development. 

Our  principal  interest  is  focused  on  the  last  of  the 
above  aspects.  However,  in  recommending  pro- 
grams for  research  and  development,  due  cogni- 
zance is  taken  of  the  other  two  aspects. 

The  aim  of  this  report  is  to  discuss  the  sub- 
synoptic  problems  involved  and  to  recommend 
detailed  research  and  development  programs  to 
solve  these  problems.  It  must  be  emphasized  that 
these  details  are  not  intended  to  be  exhaustive 
nor  are  they  considered  to  be  the  ultimate  in  what 
can  be  done  in  the  different  problem  areas. 
Rather,  they  serve  to  illustrate  some  of  the 
methods  which  may  be  used  to  advantage  and  to 
provide  a  good  starting  point  for  a  Federal  Plan. 
In  addition,  details  of  the  research  program  help 
determine  the  data-acquisition  and  data-process- 
ing programs  for  which  the  plan  must  provide. 
Furthermore  the  details,  by  giving  an  idea  of  the 
magnitude  of  the  effort  involved,  assist  in  pro- 
viding an  estimate  of  the  cost  of  the  plan  and  the 
funding  patterns  to  be  followed  in  financing  it. 
Finally,  the  nature  of  the  problems  and  of  the 
activities  proposed  for  their  solution  suggest  a 
suitable  management  configuration  for  adminis- 
tering the  plan. 

6.0  BOUNDARY- LAYER  PROFILE 
PROJECT6 

6.1  STATEMENT  OF  THE  PROBLEM 

The  accurate  description  of  the  boundary-layer 
profiles  of  wind,  temperature  and  moisture  and 


6For  the  purpose  of  this  report,  the  boundary  layer  is  de- 
fined as  the  atmospheric  layer  between  the  earth's  surface 
and  approximately  1500  meters. 


their  variability  in  time  and  space  and  as  a 
function  of  surface  conditions  and  of  synoptic - 
scale  features  is  one  of  the  most  fundamental 
requirements  for  improved  meteorological  serv- 
ices. It  plays  two  roles— both  of  great  impor- 
tance. First,  the  elements  themselves  are  of 
direct  interest  to  many  categories  of  users,  both 
military  and  civilian,  because  of  their  pertinence 
to  diverse  operations  such  as  rocket  launching 
and  aircraft  takeoff  and  landing.  Secondly,  they 
serve  as  an  input  in  the  forecast  of  other  weather 
elements  such  as  clouds  and  precipitation,  and  of 
specialized  and  complex  criteria  such  as  air 
pollution  potential  and  forest-fire  hazard.  De- 
spite a  wide  range  of  application,  efforts  so  far 
to  improve  forecasting  capabilities  in  this  area 
have  been  mostly  piecemeal  and  limited  to  those 
portions  of  the  general  problem  of  immediate 
interest. 

Our  knowledge  of  the  structure  and  physics  of 
the  boundary  layer  is  adequate  to  improve  many 
aspects  of  operational  boundary-layer  forecasts. 
However,  the  following  problem  areas  may  be 
identified: 

a.  Accurate  boundary-layer  forecasts  require 
much  greater  resolution  in  the  vertical  than 
can  be  economically  provided  on  a  hemi- 
spheric grid  extending  through  the  entire 
troposphere. 

b.  Boundary -layer  forecasts  require  the  si- 
multaneous prediction  of  at  least  wind,  tem- 
perature and  moisture,  i.e.,  they  must  be 
made    with    "combined    element"    models. 

c.  Boundary-layer  models,  to  be  of  general 
utility,  must  include  the  interactions  of  at 
least  the  horizontal  and  vertical  advection, 
eddy  and  radiative  transport,  and  moisture 
phase  change  processes,  i.e.,  they  must  be 
combined-process  models. 

d.  For  certain  purposes,  boundary- layer  fore- 
casts require  a  finer  horizontal  resolution 
of  the  principal  elements  than  that  afforded 
by  present  or  anticipated  conventional  net- 
works. 


6.2     PRESENT  STATUS  AND  DEFICIENCIES 

As  mentioned  above,  most  forecasts  of  meso- 
meteorological  phenomena  are  currently  being 
made  within,  essentially,  a  macroscale  frame- 
work. Deficiencies  of  operational  boundary- 
layer  prediction  techniques  include: 

a.  Failure  to  incorporate  denser  surface  ob- 
servations in  the  current  operational  phys- 
ical numerical  models. 

b.  Failure  to  make  full  use  of  the  low-level 
vertical  resolution  available  in  standard 
rawinsonde  observations  in  the  operational 
numerical  models. 


c.  Failure  to  formulate  the  prediction  in  a 
coupled-process  scheme  which  combines 
pressure,  temperature  and  moisture. 

Several  experimental  subsynoptic-scale  models 
have  been  described  in  the  literature.  Indeed  the 
most  advanced  of  these  models  is  capable  of 
forecasting  profiles  of  wind,  temperature  and 
humidity  with  fair  accuracy.  Although  there 
is  much  room  for  improvement  of  these  models, 
nevertheless,  they  do  have  both  a  short-range 
potential  for  comparatively  quick  gains  and  a 
longer  range  potential.  The  key  to  realizing  these 
potentials  lies  in  mounting  a  well  coordinated 
research  and  data-acquisition  program.  The  data- 
acquisition  program  should  be  tailored  to  permit 
testing  of  progressively  complicated  models.  It 
also  should  allow  a  determination  of  the  optimum 
resolution  of  observational  systems  required  to 
adapt  these  models  to  daily  operations. 


6.3     RECOMMENDED  RESEARCH  AND 
DEVELOPMENT 

6.3.1     Objective 

The  objective  of  this  report  is  to  recommend  a 
program  of  research  and  development  which  will 
improve  meteorological  service  through  increas- 
ed day-to-day  capability  in  describing  and  fore- 
casting profiles  of  wind,  temperature  and  moisture 
in  the  boundary  layer.  This  overall  objective  may 
be  divided  into  the  following  subordinate  objec- 
tives: 

a.  Application  of  present  experimental  models 
within  an  essentially  macroscale  observa- 
tional framework. 

b.  Application  of  these  experimental  models  to 
a  properly  designed  optimum  network. 

c.  Development  of  improved  ooundary-layer 
models. 

6.3.2     Research  and  Development  Program 

6.3.2.1     Objective  a 

In  this  initial  phase,  it  is  proposed  that  a 
"nested"  numerical  model  approach  be  adopted 
combining: 

a.  A  macroscale  prediction  model,  e.g.,  Shu- 
man's  primitive  equation  model. 

b.  A  finer -mesh  model  for  the  boundary  layer 
using  one-half  the  NMC  grid,  e.g.,  the  Ger- 
rity?  model. 

c.  A  station  profile  prediction  scheme  for  the 
boundary  layer,  e.g.,  the  Pandolfos  model. 

Some  details  pertinent  to  the  latter  two  types 
of  models  are  given  in  appendix  D. 


'Gerrity,    J.P.,  1966. 
spandolfo.  et  al.,  1965. 


6.3.2.2     Objective  b 

In  this  phase  research  would  aim  to  adapt,  for 
more  general  use,  boundary-layer  models  re- 
quiring other  than  the  conventional  data  input. 
These  would  include  such  quasi-climatological 
parameters  as  surface  short-wave  albedo,  long- 
wave emissivity  of  ground  surface,  thermal  con- 
ductivity of  soil,  and  surface  roughness. 

In  addition,  some  or  all  of  the  following  meas- 
urements would  be  included: 

Soil  temperature,  at  least  at  one  level  below 
the  layer  of  significant  diurnal  variation  and, 
preferably,  at  several  other  levels  from  the 
surface  to  this  level 

Profile  measurements  of  wind,  temperature  and 
humidity 

Total  incoming  and  net  radiation 

Standard  meteorological  surface  measurements 

Cloud  observations  including  measurements  of 
water  content 

It  would  of  course  be  prohibitive  to  attempt  to 
provide  the  above  information  with  mesoscale 
resolution  for  day-to-day  forecasting  over  the 
entire  United  States.  Moreover,  the  relative  im- 
portance of  the  various  input  elements  is  not 
known  a  priori,  nor  is  it  known  how  to  param- 
eterize these  elements  in  terms  of  quantities 
which  are  representative  of  comparatively  large 
areas.  Finally,  the  applicability  of  experimental 
conclusions  from  one  site  to  another  site  needs  to 
be  investigated.  It  is  therefore  recommended  that 
research  efforts  should  include,  though  not  neces- 
sarily be  confined  to,  the  following  broad  program: 

a.   Structure  and  Variability  of  Mesoscale  Sys- 
tems 

To  provide  a  bridge  between  research  and  op- 
erations, a  greater  knowledge  of  the  structure 
and  variability  of  mesoscale  systems  is  required 
than  is  now  available.  Such  knowledge  is  es- 
sential to  the  design  of  optimum  observational 
systems  for  testing  models  and  eventually  adapt- 
ing such  models  to  daily  operational  use.  Without 
this  knowledge,  observational  systems  may  prove 
either    inadequate    or    prohibitively    expensive. 

The  following  studies  illustrate  but  do  not  ex- 
haust procedures  suitable  for  the  above  purpose: 

(1)  Computation  of  the  power  spectrum  of  the 
atmospheric  variables  within  the  meso- 
scale. 

(2)  Computation  of  time  and  space  (vertical  and 
horizontal)  correlation  and  regression  sta- 
tistics of  profile  elements  as  functions  of 
location,  time  of  day,  month  or  season,  and 
various  synoptic  and  subsynoptic-scale 
features. 

The  statistics  would  provide  a  measure  of  the 
persistence  and  uniformity  of  mesoscale  systems 
and  hence  an  indication  of  the  spatial  and  temporal 


resolution  required  to  describe  and  forecast  these 
systems.  The  optimum  resolution  should  (if  pos- 
sible) be  determined  by  an  analysis  of  cost  versus 
effectiveness. 

The  data  necessary  for  the  above  studies  will 
provide  some  useful  additional  information.  This 
would  include  determination  of  subsynoptic  struc- 
ture of  the  profile  elements  such  as  maxima, 
minima,  means  and  standard  deviations  over 
various  time  and  space  averaging  intervals,  and 
time  and  space  correlation  coefficients. 

b.  Experimental  Studies 

The  data-acquisition  program  should  be  suitable 
for  performing  studies  along  the  following  lines: 

(1)  Running  experimental  computations  with 
models  of  varying  complexity  to  determine 
the  simplest  and  most  easily  obtainable 
initial  inputs  consistent  with  profile  fore- 
casts of  acceptable  accuracy. 

(2)  Investigating  the  possibility  of  expressing 
input  elements  in  terms  of  common  param- 
eters used  to  characterize  a  variety  of  dif- 
ferent sites. 

(3)  Computing  profile  forecasts  based  on  ob- 
servations at  a  point  and  comparing  the 
results  with  observed  profiles  at  varying 
distances  to  determine  the  spatial  rep- 
resentativeness of  the  forecasts. 

(4)  Comparing  computed  profiles  with  observed 
profiles  at  later  times  over  the  same  loca- 
tion to  determine  the  rate  of  degradation  of 
the  forecasts. 

(5)  Running  suitably  simplified  models  on  a 
real-time  basis. 

6.3.2.3     Objective  c 

In  this  phase,  research  would  be  focused  on  im- 
proving existing  experimental  boundary-layer 
models  or  developing  new  and  more  advanced 
models.  It  should  be  noted  that,  depending  on  the 
resources  in  men  and  facilities,  two  or  all  three 
phases  may  be  carried  on  concurrently. 


7.0     CLOUDS  AND  PRECIPITATION 
PROJECT9 

7.1     STATEMENT  OF  THE  PROBLEM 

Clouds  and  precipitation  phenomena  are  impor- 
tant to  all  groups  of  users.  The  interest  of  the 
general  public  is  mainly  with  safety,  comfort, 
convenience  and  recreation.  The  concern  of  in- 
dustry is  generally  with  design  and  engineering, 
construction  work,  and  operation  of  utilities.  Low 
ceilings,  restricted  visibility,  icing,  turbulence 
and  electrical  discharges  are  manifestations  of 


9  Also  see  appendix  H  for  a  discussion  of  proposed  cloud 
geometry  research. 


cloud  and  precipitation  phenomena  of  great  inter- 
est to  the  aviation  community.  In  agriculture  and 
forestry,  the  importance  of  clouds  and  precipita- 
tion appears  in  crop  growth,  soil  erosion,  fire 
potential  and  applications  of  fertilizer  and  pes- 
ticide. The  military  interests  include  something 
of  all  the  above  with  added  concern  for  soil 
tractionability    and    air-ground   reconnaissance. 

The  occurrence,  as  well  as  the  nonoccurrence, 
of  cloud  and  precipitation  phenomena  can  be 
beneficial  to  one  interest  and  at  the  same  time 
detrimental  to  another.  But  almost  all  interests 
can  benefit  by  timely  and  accurate  forecasts 
and  by  an  understanding  of  the  localized  effects 
of  these  phenomena. 

Thus,  what  is  needed  is  a  better  capability  to 
accurately  forecast  cloud  and  precipitation  phe- 
nomena with  improved  time  and  space  resolution. 
Essential  to  this  capability  is  a  better  understand- 
ing of  the  mesoscale  structure,  the  time  and 
space  variability  of  these  phenomena,  their  re- 
lationship to  micro  and  macroscale  meteoro- 
logical features,  and  their  relationship  to  the  geo- 
graphic features  of  various  configurations  (such  as 
mountains,  cities,  bodies  of  water). 

On  the  smallest  scale,  which  includes  forecasts 
of  up  to  2  hours,  the  cloud  and  precipitation  prob- 
lem can  be  directly  incorporated  into  the  bound- 
ary-layer studies  dealing  with  profile  forecasts. 
The  relation  of  cloud  amount  and  type  to  profiles 
of  wind,  temperature,  and  moisture  is  both  inti- 
mate and  hard  to  determine. 

7.2     PRESENT  STATUS  AND  DEFICIENCIES 
7.2.1     Present  Status 

Forecasts  of  subsynoptic -scale  cloud  and  pre- 
cipitation phenomena  are  still  based  largely  on 
patterns  or  models  associated  with  synoptic- 
scale  features  of  the  weather,  such  as  fronts  and 
air  masses.  Some  knowledge  has  been  gained  on 
the  local  modifying  effects  of  mountains,  large 
bodies  of  water,  and  the  land-water  interfaces. 

Mesoscale  forecasts  are  generally  left  to  the 
interpretation  of  the  local  forecaster.  These 
forecasts  are  usually  limited  to  short  periods  and 
are  made  with  the  aid  of  weather  radar,  satellite, 
and  objective  statistical  aids. 

The  major  emphasis  in  operational  numerical 
forecasting  is  on  synoptic -scale  features  of  the 
Northern  Hemisphere.  The  grid  interval  chosen 
for  this  task  (about  200  n.  miles)  conforms  to  the 
resolution  required  to  best  identify  and  follow 
these  synoptic -scale  features. 

Efforts  are  underway  to  use  synoptic -scale 
numerical  products,  in  conjunction  with  higher 
density  surface  observations  data,  in  a  numerical 
cloud  and  precipitation  forecast  model  having  a 
grid  interval  of  one-fourth  (about  50  n.  miles)  of 
the  synoptic-model  grid.  Other  efforts  are  being 
directed  toward  achieving  greater  resolution  by 


reducing  the  grid  interval  over  a  portion  of  the 
hemisphere. 

7.2.2     Deficiencies 

Only  a  comparatively  small  amount  of  effort  is 
being  devoted  to  determining  the  mesoscale 
dynamic  structure  responsible  for  the  time  and 
space  variations  of  clouds  and  precipitation  of 
greatest  interest  to  most  users.  In  general,  such 
studies  have  been  limited  to  a  single  event  or  a 
small  series  of  events  within  a  very  restricted 
geographic  area.  In  spite  of  their  limitation,  these 
studies  have  systematically  identified  mesoscale 
dynamic  features  that  persist  throughout  the 
period  and  area  of  observation.  As  a  result  there 
is  a  need  to  expand  the  scope  of  such  studies  for 
a  more  accurate  determination  of  larger  time  and 
space  characteristics  of  certain  mesoscale  pa- 
rameters associated  with  clouds  and  precipitation. 

Current  operational  numerical  forecast 
schemes  are  based  on  hemispheric,  macroscale 
features.  There  is  need  for  a  corresponding  ef- 
fort to  develop  numerical  methods  which  are  more 
attuned  to  the  natural  scale  of  the  phenomena  which 
is  distinctly  subsynoptic.  If  necessary,  such  higher 
resolution  systems  could  be  made  applicable  to 
smaller  than  hemispheric  regions  of  the  world. 

Optimum  observation  requirements  for  meso- 
scale analysis  and  forecast  models  have  not  been 
fully  determined.  The  advantages  to  be  gained  by 
more  frequent  observations  as  opposed  to  the 
advantages  of  observations  from  more  locations 
are  not  well  understood.  There  is  also  a  need  to 
determine  how  information  from  weather  radar 
and  satellites,  containing  mesoscale  resolution, 
can  be  systematically  incorporated  into  mesoscale 
forecast  schemes,  especially  numerical  forecast 
models. 


7.3     RECOMMENDED  RESEARCH  AND 
DEVELOPMENT  PLAN 

7.3.1     Objectives 

The  overall  objective  of  this  plan  is  to  improve 
the  capability  to  forecast  cloud  and  precipitation 
phenomena  with  mesoscale  resolution.  This  ob- 
jective can  be  achieved  logically  through  the  im- 
plementation of  four  subordinate  objectives  deal- 
ing with  (a)  diagnostic  studies  of  the  phenomena, 
(b)  the  development  of  forecast  models,  (c)  the 
determination  of  observation  requirements,  and 
(d)  a  test  covering  an  extended  period. 

7.3.2     Research  and  Development  Program 

7.3.2.1     Mesoscale  Diagnostic  Studies  (Objective 
a)— Years  1  and  2 

This  research  has  the  following  related  aims: 

a.    To  determine  the  mesoscale  characteristics 
of  different  types  of  cloud  and  precipitation 


phenomena  and  their  relationship  to  dynamic 
parameters  of  comparable  scale. 

b.  To  develop  a  numerical  objective  analysis 
scheme  capable  of  specifying  the  fields  of 
motion,  moisture  and  temperature  which 
have  significant  relationship  to  the  cloud 
and  precipitation  structures. 

Case  studies  should  include  but  not  necessarily 
be  restricted  to: 

a.  Typical  extratropical  cyclones  in  the  Central 
United  States 

b.  East  coast  cyclones 

c.  Severe  weather  outbreaks 

dg  Boundary-layer  interactions  and  the  rela- 
tionship of  profiles  and  eddy  fluxes  to  clouds 
and  precipitation. 

Subsynoptic- scale  cloud  and  precipitation  fea- 
tures that  remain  identifiable  for  periods  of  6  to 
36  hours  and  the  mechanisms  of  their  growth  and 
decay  are  of  paramount  importance  for  the  de- 
velopment of  mesoscale  forecast  models  and 
techniques. 

The  adequate  analysis  of  these  cloud  and  pre- 
cipitation phenomena  along  with  the  related  dy- 
namic processes  require: 

a.  Continuous  weather  radar  coverage  and 
maximum  weather  satellite  coverage. 

b.  An  upper-aid  network  with  sites  at  40  to 
120  kilometers  spacing  and  soundings  at  45 
to  90  minute  intervals. 

c.  Instrumented  aircraft  for  probing  regions  of 
extreme  horizontal  gradients  and  for  over- 
flight reconnaissance  of  cloud  discontinui- 
ties. 

The  required  horizontal  extent  of  the  network 
will  depend  upon  the  lifetime  of  the  phenomena 
under  investigation.  Longer  lived,  slower  chang- 
ing phenomena  require  a  larger  observing  area 
of  lower  site  density  due  to  the  convertibility  of 
time  to  space.  In  order  to  follow  these  phenomena 
for  24  hours,  a  network  of  1200  kilometers  along 
the  path  of  the  system  will  be  required.  The 
upper-air  network  must  be  5  sites  wide  to  per- 
mit computation  of  quantities  such  as  vorticity 
advection.  Of  course  the  existing  upper-air  sites 
would  provide  a  portion  of  the  required  sites. 

The  higher  density  upper-air  network  (40  kilo- 
meters and  45  minutes)  would  be  used  to  study 
small-scale  (space  and  time)  phenomena  such  as 
severe  weather,  boundary-layer  interactions  and 
the  relation  of  profiles  and  eddy  fluxes  to  clouds 
and  precipitation.  The  area  covered  by  this  net- 
work need  be  no  greater  than  200  kilometers  by 
300  kilometers. 

The  timely  and  efficient  analysis  of  such  avast 
amount  of  information  will  require  a  numerical 
analysis  scheme  which  would  then  be  adapted  to 
provide  initial  conditions  for  prognostic  models. 
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The  following  types  of  studies  would  be  useful 
in  determining  the  maximum  information  obtain- 
able from  present  or  foreseeable  networks: 

a.  Experiments  in  reconstructing  the  signifi- 
cant features  of  the  free  atmosphere  from  an 
upper-air  network  of  varying  time  and  space 
density  augmented  by  the  denser,  less  ex- 

b.  Experiments  to  incorporate  detailed  neph- 
analyses  from  weather  radar  and  satellite 
observations  into  the  moisture  analysis, 

c.  Experiments  to  match  grid  length  and  net- 
work spacing  and  timing  with  observed 
scales  of  atmospheric  phenomena  and  in- 
strumental accuracy. 

7.3.2.2     Forecast  Model  Development  (Objective 
b)  Years  1,  2,  and  3 

It  is  expected  that  the  results  of  the  Mesoscale 
Description  Project  will  largely  confirm  and 
greatly  expand  the  findings  of  earlier  projects, 
such  as  AFCRL's  Stormy  Spring,  in  identifying 
dynamic  parameters  related  to  mesoscale  cloud 
and  precipitation  phenomena.  The  fields  of  these 
dynamic  parameters  obey  natural  laws  which,  it 
is  hoped,  can  be  approximated  by  numerical 
models. 

The  numerical  models  which  have  proven  suc- 
cessful for  macroscale  forecasting  should  be  used 
as  a  general  guide  in  developing  subsynoptic- 
scale  models.  However,  models  best  suited  for 
subsynoptic- scale  forecasting  will  undoubtedly 
differ  from  the  synoptic  models  in  the  desired 
degree  of  resolution  of  the  initial  analysis  and 
in  the  subsequent  treatment  of  such  effects  as 
those  produced  by  terrain  slopes  and  nonadiabatic 
heating. 

Recent  advances  in  finite  differencing  tech- 
niques have  made  it  possible  to  develop  numerical 
models  of  ageostrophic  and/or  conditionally  un- 
stable phenomena.  The  following  studies  would 
help  define  optimum  networks: 

a.  Experiments  to  describe  the  structure  of  the 
free  atmosphere  from  available  aerological 
networks  augmented  by  denser  surface  ob- 
servations. 

b.  Experiments  to  utilize  detailed  nephanal- 
yses  from  weather  radars  and  satellite  data 
as  an  index  of  initial  moisture  fields. 

c.  Experiments  with  different  analysis 
schemes  designed  to  bring  out  rather  than 
smooth  out  small-scale  features. 

d.  Experiments  to  determine  the  optimum  com- 
binations of  grid  length,  network  spacing  and 
instrument  accuracy. 

The  development  and  testing  of  the  models 
should  progress  in  logical  steps  from  the  simple 
to  the  complex.  The  desired  performance  speci- 
fications of  a  satisfactory  model  are  that  it  should 
be  capable  of  predicting  the  following  elements 


with  significant  skill,  hourly  to  36  hours,  at  grid 
intervals  one-fourth  the  present  NMC  grid:  (1) 
Cloud  amount  in  tenths  for  at  least  three  layers 
(low,  middle,  high);  (2)  Occurrence  or  nonoccur- 
rence of  precipitation;  (3)  Character  of  the 
precipitation  (liquid,  frozen,  steady,  intermittent); 
(4)  Precipitation  intensity  by  categories  (very 
light,  light,  moderate,  heavy). 

7.3.2.3  Observation    Requirements  R  e  search 
(Objective  c)— Years  1,  2,  and  3 

It  is  reasonable  to  expect  that  the  prediction 
skill  of  subsynoptic-scale  forecast  models  will 
depend  largely  on  the  resolution  of  the  data  put 
into  the  models.  Numerical  models  operating  on 
a  1/4  NMC  grid  over  the  United  States  may  well 
require  input  data  with  higher  horizontal  resolu- 
tion than  is  available  in  the  present  upper-air 
observation  network.  Research  described  in 
section  7.3.2.1  will  attempt  to  improve  the  initial 
analysis  resolution  by  including  information  to  be 
derived  in  part  from  available  surface,  satellite 
and  radar  data. 

Parallel  with  this  effort,  research  should  be 
directed  toward  achieving  the  equivalence  of 
greater  spatial  resolution  of  upper-air  param- 
eters through  more  frequent  observations.  The 
exact  relations  governing  such  a  trade-off  are 
not  sufficiently  known,  but  diligent  research  should 
eventually  pay  handsome  dividends,  since  the  cost 
of  additional  observations  at  a  site  already  pro- 
viding data  obviously  will  be  considerably  less 
than  that  required  to  provide  the  same  number  of 
additional  observations  at  new  sites. 

Research  comparing  the  improvement  of  meso- 
scale resolution  achieved  by  the  two  alternatives 
should  define  the  optimum  cost-effectiveness 
combinations  of  frequency  of  observations  and  ad- 
ditional observing  sites  necessary  to  achieve 
various  degrees  of  mesoscale  resolution. 

7.3.2.4  Extended  Test  Research  (Objective  d)— 
Years  4  and  5 

Research  described  in  sections  7.3.2.2  and 
7.3.2.3  will  provide  subsynoptic-scale  models 
having  various  degrees  of  resolution  and  fore- 
cast skills.  These  models  will  have  been  tested 
with  the  limited  sets  of  data  gathered  under  the 
research  described  in  section  7.3.2.1.  The  re- 
sults of  the  limited  tests  will  provide  guidance 
necessary  to  design  a  comprehensive  evaluation 
and  test  program  to  determine  the  cost-effec- 
tiveness of  an  improved  national  mesoscale  cloud 
and  precipitation  forecast  capability.  This  effort, 
itself,  should  be  national  in  scope  and  should  be 
geared  to  the  operational  forecast  requirements 
of  all  participating  Agencies. 

Subject  to  refinements  and  changes  prescribed 
by  research  preceding  this  effort,  it  is  expected 
that  a  suitable  test  would  cover  several  7-10 
day  periods  selected  throughout  the  year  to  cover 
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a  wide  variety  of  cloud  and  precipitation  phe- 
nomena affecting  the  United  States.  Surface  and 
upper -air  observations  will  be  taken  at  regular 
and  at  additional  sites  and  at  shorter  than  normal 
intervals  throughout  each  test  period.  The  num- 
ber and  locations  of  additional  upper-air  sites  and 
the  increased  frequency  of  observations  will  be 
prescribed  by  the  research  of  section  7.3,2.3,, 
Full  and  continuous  weather  radar  and  satellite 
coverage  will  be  desirable  during  these  test 
periods. 

8.0     AIR  RESOURCES  PROJECT 

8.1     STATEMENT  OF  THE  PROBLEM 

Commercial  production  processes,  nuclear  en- 
ergy industries,  automotive  exhaust  discharges, 
and  incomplete  combustion  of  heating  and  power 
plants  reflect  the  accelerating  pace  of  indus- 
trialization and  urbanization,  which  further  in- 
crease man's  pollution  input  to  the  atmosphere. 
Under  atmospheric  conditions  favorable  for  the 
concentration  and  retention  of  airborne  material, 
air  pollution  may  reach  intolerable  levels.  There 
are  enormous  economic  losses  and  increasing 
evidence  of  hazard  to  health,  from  the  billions 
of  tons  of  natural  and  manmade  contaminants 
poured  into  the  air.  These  facts  make  it  evident 
that  a  better  understanding  is  required  of  air 
pollution  meteorology  and  those  atmospheric 
processes  involved  in  the  transport,  diffusion  and 
deposition  of  airborne  material. 

If  the  occurrence  of  acute  air  pollution  episodes 
is  to  be  avoided  in  the  future,  either  (a)  all  sources 
of  air  pollutants  possible  to  be  controlled  must 
be  eliminated,  or  (b)  the  emission  of  air  con- 
taminants must  be  limited  in  time  and  quantity 
so  that  natural  atmospheric  dilution  processes 
can  reduce  the  concentrations  to  tolerable  levels. 
Ideally,  of  course,  the  former  would  probably 
be  the  more  desirable  and  may  in  time  be  achieved 
if  the  necessary  technological,  economic,  and 
social  problems  involved  can  be  solved.  There 
is  no  certainty  in  this  respect  since  the  growth 
of  possible  sources  of  air  pollution  in  the  future 
may  outstrip  technological  capability  to  control 
these  sources. 

The  atmosphere's  dilution  capacity  is  enor- 
mous. It  is  only  when  we  overload  the  air  at 
the  wrong  time,  in  the  wrong  place  or  with  the 
wrong  material  that  problems  arise.  What 
constitutes  the  wrong  time,  the  wrong  place  or 
the  wrong  materials  are  questions  that  must  be 
answered  with  the  help  of  the  atmospheric  sci- 
entist. 

To  help  provide  answers  to  these  questions, 
a  better  understanding  is  needed  of  the  mete- 
orology of  atmospheric  transport  and  diffusion, 
and  hence  of  air  pollution  potential. 

Another  meteorological  aspect  of  air  pollution 
which  requires  considerable  study  is  the  deposi- 


tion of  contaminants.  Deposition  is  a  universal 
occurrence  which  ultimately  affects  the  whole 
surface  of  the  earth.  It  may  lead  to  problems  of 
contamination  of  natural  resources,  agricultural 
crops,  and  human  communities  by  radioactive 
isotopes,  poisonous  insecticides  and  herbicides, 
and  industrial  wastes. 

In  addition  to  the  delivery  or  transport  phase, 
the  scavenging  or  deposition  process  has  three 
major  aspects:  (1)  in-cloud  scavenging  by  the 
cloud  elements,  usually  termed  rainout  or  snow- 
out,  (2)  below-cloud  scavenging  by  precipitation 
called  washout  and  (3)  dry  deposition  processes 
such  as  gravitational  settling  and  impingement 
(for  particle  sizes  larger  than  one  micron  di- 
ameter), molecular  diffusion,  absorption  and 
electrostatic  effects.  In  addition,  the  transforma- 
tion of  gases  by  photochemical  and  catalytic 
reactions,  and  sometimes  the  formation  of  other 
pollutants  by  these  reactions,  have  created  another 
area  of  atmospheric  processes  that  the  mete- 
orologist must  consider. 

8.2     PRESENT  STATUS  AND  DEFICIENCIES 

Field  experiments  and  theoretical  formula- 
tion of  the  diffusion  of  airborne  materials  over 
short  distances,  on  the  order  of  a  few  hundred 
meters,  have  been  carried  on  for  more  than  30 
years  in  this  country  and  abroad.  Although  such 
studies  have  been  on  the  increase  during  the 
past  15  years,  much  more  needs  to  be  learned 
about  atmospheric  transport  and  diffusion  over 
longer  distances,  up  to  100  kilometers  or  so. 
Interest  in  these  scales  has  been  stimulated  by 
the  increasing  concern  of  interurban  transport 
of  air  pollutants  in  the  growing  megalopolis 
regions  of  the  country.  Descriptions  and  fore- 
casts of  transport  and  diffusion  over  distances 
greater  than  a  mile  are  now  based  largely  on 
empirical  extrapolation,  as  experimental  studies 
on  the  subsynoptic  scale  are  both  fragmentary 
and  inconclusive. 

With  respect  to  air  pollution  potential,  it  ap- 
pears from  past  air  pollution  episodes  that  the 
depth  of  the  mixing  layer  and  the  "mean"  wind 
speed  through  that  layer  are  the  most  significant 
parameters.  This  is  the  presumption  upon  which 
present  efforts  to  forecast  air  pollution  potential 
are  based.  However,  a  proper  definition  of  this 
"mean"  wind  speed  has  yet  to  be  achieved,  and 
the  importance  of  multilayer  stratification  within 
the  gross  mixing  depth  has  not  been  assessed. 
In  addition  to  these  and  other  lesser  deficiencies, 
the  precise  role  of  such  meteorological  variables 
as  solar  radiation,  temperature,  and  humidity 
is  not  satisfactorily  known  in  connection  with 
the  potential  for  the  creation  of  secondary  pol- 
lutants such  as  photochemical  "smog"  and  sul- 
furic acid  droplets  through  the  oxidation  of  sul- 
fur dioxide  and  the  subsequent  combination  of  the 
trioxide  with  water.     Almost  totally  unexplored 
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is  the  relation  between  electric  fields  or  atmos- 
pheric potential  gradients  on  variations  in  the 
size  distribution  of  pollutant  aerosols,  which  may 
have  important  bearing  upon  such  matters  as 
scavenging  processes,  visibility,  etc. 

The  measurement  of  relevant  meteorological 
elements  in  regions  where  air  pollution  potential 
is  important  (and  this  is  usually,  though  not 
exclusively,  in  urban  areas)  is  often  most  dif- 
ficult, because  of  surface  obstructions  and  pop- 
ulation density.  Research  should  be  undertaken 
to  develop  an  economical  indirect  sounding  sys- 
tem which  can  be  used  in  urban  areas  on  an 
"on- call"  basis.  Although  some  support  of 
developmental  efforts  on  indirect  sounding  tech- 
niques is  being  made,  it  should  be  increased. 
The  benefits  to  be  derived  from  such  a  system 
would  be  realized  by  many  facets  and  activities 
of  atmospheric  science. 

In  connection  with  measurements  of  mete- 
orological elements,  much  remains  to  be  done 
to  exploit  the  use  of  tracer  techniques  such  as 
radar-tracked  superpressure  balloons,  the  use 
of  radon  flux  or  other  natural  radioactivity, 
atmospheric  turbidity,  electric  potential  gradient, 
etc.,  as  air  pollution  potential  indicators.  Also, 
there  is  a  question  of  whether  total  solar  radia- 
tion as  commonly  measured  is  suitable  to  depict 
the  radiation  potential  for  the  creation  of  photo- 
chemical air  pollutants. 

Commendable  progress  has  been  made  on  the 
development  of  techniques  to  forecast  mixing 
depths  and  wind  speeds  24  to  36  hours  in  ad- 
vance at  upper-air  sounding  stations  in  the 
contiguous  United  States.  Routine  air  pol- 
lution potential  forecasts  over  fairly  large  areas 
(on  the  order  of  the  size  of  the  State  of  Okla- 
homa) by  machine  methods  are  expected  to  be 
a  reality  in  the  near  future.  Research  remains 
to  be  done,  however,  to  accomplish  the  following: 

a.  Quantitate  the  forecasts  to  indicate  in  rel- 
ative terms  the  expected  severity  of  the 
"potential"  situation,  i.e.,  an  air  pollution 
potential  (APP)  index. 

bo  Extend  the  ability  to  anticipate  the  time  of 
onset  of  APP  conditions  to  at  least  24 
hours  as  well  as  to  make  more  precise 
forecasts  of  their  duration. 

c.  Reduce  the  area  of  concern  to  that  typical 
of  the  range  of  important  area  sources  of 
air  pollution,  i.e.,  2  x  102   -  2  x  103km.2. 

d.  Improve  techniques  for  forecasting  times 
of  inversion  break-up  and  fumigation  situa- 
tions, since  these  are  conditions  which  are 
important  for  describing  pollution  potential 
and  for  calculation  of  pollutant  concentra- 
tions, 

e.  Evaluate  the  effects  of  boundary  condi- 
tions, i.e.,  surface  roughness  and  heat 
sources  and  sinks,  topographic  features, 
and    transition-zone    phenomena    (as    along 


a    sea    coast)   on    mesoscale    air   pollution 
potential  climatology  and  forecasting. 

With  regard  to  the  problem  of  deposition,  it 
should  be  noted  that  initial  models  of  deposition 
were  based  on  theories  developed  for  gaseous 
diffusion  with  terms  added  to  compensate  for 
loss  of  material  by  dry  deposition  or  washout. 
During  the  last  decade  these  models  have  been 
modified  to  account  for  heavy  particles  which 
did  not  necessarily  follow  all  air  motions.  At 
present,  although  some  of  the  models  may  be 
adequate  for  certain  engineering  applications, 
even  the  most  sophisticated  theoretical  models 
do  not  fully  explain  the  physical  processes 
involved,  and  the  models  remain  untested  in 
the  natural  atmosphere.  Unless  experiments 
are  conducted  to  evaluate  and  verify  existing 
theory,  development  of  more  complicated  models 
will  have  limited  usefulness. 

Measurements  of  both  air  concentration  and 
deposition,  from  experimentally  released  tracer 
material,  have  not  been  made  in  sufficient  de- 
tail to  allow  calculation  of  the  total  flux  passing 
through  several  planes  or  to  permit  calculation 
of  the  total  deposition  on  the  ground  from  layers 
bounded  by  these  planes.  An  evaluation  of  the 
effect  of  tracer  depletion  upon  the  vertical 
profile  concentration  of  the  tracer  must  be 
made  to  validate  measured  deposition  relative 
to  depletion  of  material  observed  in  a  plume. 
Also,  most  deposition  measurements  have  been 
made  on  artificial  media  placed  horizontally 
on  the  ground;  the  actual  relationship  between 
such  detectors  and  natural  vegetation  or  other 
surfaces  remains  in  doubt.  Consequently,  no 
clear-cut  relationship  between  deposition  and 
meteorological    factors    has    been    determined. 

8.3     RECOMMENDED  RESEARCH  AND 
DEVELOPMENT 

8.3.1     Objectives 

a.  To  develop  and  validate  models  of  the 
transport  and  diffusion  of  airborne  mate- 
rial emitted  within  the  atmospheric  bound- 
ary layer,  both  continuously  and  instan- 
taneously, from  sources  of  different  geo- 
metric configurations  such  as  point,  line, 
areal,  and  volume  sources,  for  travel  dis- 
tances of  the  order  of  1-100  km. 

b.  To  develop  techniques  for  forecasting  the 
meteorological  elements,  appropriate  to 
those  models,  for  time  periods  up  to  36 
hours. 

c.  To  develop  techniques  for  the  forecasting 
of  air  pollution  potential  with  mesoscale 
resolution. 

d.  To  develop,  test  and  validate  prognostic 
models  of  the  rainout  and  washout  process 
and  to  assess  those  cloud  physics  aspects 
of  dry  scavenging  mechanisms  in  the  atmos- 
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phere  pertinent  to  transport  and  diffusion, 
air  pollution,  and  agricultural-forestry  in- 
terests, with  a  view  to  increasing  the 
capability  of  describing  and  forecasting 
deposition  and  atmospheric  scavenging  proc- 
esses. 

8.3.2     Research  and  Development  Program 

8.3.2.1    Objective  a 

Two  aspects  to  the  research  effort  are  recom- 
mended to  satisfy  this  objective: 

(1)  Determination  of  how  best  to  describe  the 
ventilation  rate  in  urban  areas.  (This  phase 
can  be  carried  out  jointly  with  the  research 
on  objective  c,  below).  This  will  require 
representative  measurements  of  the  three- 
dimensional  wind  structure  within  the  plane- 
tary boundary  layer  of  several  large  urban 
complexes.  Advantage  should  be  taken  of  the 
knowledge  gained  from  the  boundary- layer 
profile  project.  Because  of  the  congested 
nature  of  cities  and  air  space  limitations 
over  urban  complexes,  every  effort  should 
be  made  to  utilize  indirect  sounding  tech- 
niques (e.g.,  Doppler  radar,  millimeter  and 
infrared  radiometry)  to  assess  the  temporal 
and  spatial  variation  of  wind,  temperature, 
and  moisture.  The  project  could  serve  as  a 
testing  ground  for  such  indirect  sounding 
techniques.  The  extensive  use  of  tracer 
techniques  for  both  trajectory  and  disper- 
sion analyses  is  recommended.  Radar 
tracking  of  superpressure  balloons  (tet- 
roons)  has  been  demonstrated  to  be  an  ef- 
fective technique  for  describing  pollutant 
trajectories  in  urban  settings.  The  use  of 
natural  radioactive  airborne  material  (e.g., 
radon  and  its  daughter  products)  as  a  tracer, 
to  describe  vertical  mixing  rates  and  their 
temporal  and  spatial  variation  in  an  urban- 
rural  environment,  is  suggested.  Full  ad- 
vantage should  be  taken  of  standard  tracer 
materials,  e.g.,  fluorescent  particles,  to 
delineate  diffusion  patterns.  Newer  gaseous 
substances,  such  as  SF6,  which  can  be  de- 
tected to  a  high  degree  of  sensitivity  and 
specificity,  show  promise  for  such  projects. 
The  various  experiments  should  include 
simulated  source  releases  representative 
of  the  full  range  of  emission  rates  and 
geometry  encountered  in  real  problems.  An 
evaluation  of  the  relative  importance  of 
turbulence  and  buoyancy  forces  in  the  dis- 
persion of  air  pollutants  in  urban  areas 
needs  to  be  made.  This  may  be  done  by 
comparing  results  from  flat  terrain  experi- 
ments with  those  conducted  in  urban  areas 
in  a  variety  of  stability  conditions,  in  which 
the  effects  of  buoyancy  may  be  opposite  in 
sign,  or  absent  althogether. 


(2)  Complementing  the  urban  area  diffusion 
studies,  an  analysis  of  transport  and  dif- 
fusion to  distances  of  100km.  over  relative- 
ly open  terrain  is  recommended;  a  study  of 
the  interurban  transport  of  pollutants  should 
be  conducted  simultaneously.  In  most  of 
these  instances  the  source  configuration 
can  simulate  a  continuous  point  source 
emission,  although  for  some  experiments 
source  representation  should  be  quasi-in- 
stantaneous to  represent  accidental  or  con- 
trolled releases.  During  this  phase  of  the 
project  the  primary  problems  to  be  studied 
are:  (a)  The  scavenging  efficiency  of  the 
surface  boundary;  (b)  temporal -spatial 
variation  of  thermal  stability  and  its  effect 
on  transport  and  diffusion  (e.g.,  to  what 
extent  can  an  inversion  base  be  treated  as 
a  reflecting  surface?);  (c)  relationship  of 
synoptic- scale  circulations  to  mesoscale 
transport  and  diffusion,  with  particular  at- 
tention to  defining  convergence  areas,  i.e., 
regions  containing  pollutants  at  the  same 
time  from  multiple  sources  of  varying 
locations;  and  (d)  effects  of  surface  transi- 
tion areas  and  topography  on  diffusion 
processes. 

8.3.2.2  Objective  b 

The  development  of  analytical  models  based  on 
theoretical  considerations  as  well  as  empirical 
relationships  derived  from  experiments  is  a 
necessary  part  of  this  research  effort.  The 
diffusion  experiments  should  provide  sufficient 
insight  into  the  nature  of  the  input  data  appro- 
priate to  these  models.  These  will  be  utilized 
subsequently  in  forecasting  schemes  to  satisfy  this 
second  objective  of  the  research  effort. 

It  must  be  appreciated  that  the  successful  fore- 
casting of  transport  and  diffusion  of  airborne 
material  on  the  subsynoptic  scale  cannot  be 
achieved  without  appropriate  integration  with 
macroscale  circulations  or  phenomena.  It  is 
anticipated  that  the  research  effort  on  bound- 
ary-layer profiles  would  be  of  significant  benefit 
to  the  realization  of  the  latter  phase  of  this  project, 
as  well  as  to  the  air  pollution  potential  program. 

8.3.2.3  Objective  c 

It  is  suggested  that  the  initial  effort  under  this 
objective  should  be  a  theoretical  study  for  the 
purpose  of  deriving  an  analytical  model  of  the 
dynamics  of  urban  boundary  layers.  This  model 
should  have  as  great  a  generality  as  possible. 
The  work  on  the  model  can  go  on  while  the  site 
selection  is  being  made  and  equipment  is  pro- 
cured and  installed  for  field  testing  of  the  model. 
It  is  recognized  that  complete  design  of  the  ex- 
perimental phase  cannot  be  done  until  the  model 
is    developed.      However,    certain    realities  and 


13 


limitations  can  be  recognized  at  the  outset  by 
both  the  theoreticians  and  the  field  operators. 
Reasonable  "guesses"  of  the  observational  re- 
quirements and  possibilities  can  be  made  at  the 
start  and  augmented  later  to  meet  the  develop- 
ing contingencies.  The  urban  boundary  layer  is 
chosen  to  be  modeled  since  this  is  the  setting  of 
the  vast  majority  of  acute  air  pollution  occur- 
rences. It  will  be  impossible  for  any  national 
plan  to  perform  validating  experiments  in  every 
possible  setting  and  locale.  Hence,  stress  must 
be  placed  on  generality  of  approach,  both  theoreti- 
cal and  experimental,  with  field  work  at  selected 
"representative"  geophysical  and  geographical 
configurations  serving  to  validate  the  applicability 
of  the  project  findings. 

Since  it  can  be  expected  that  the  structure  and 
behavior  of  the  so-called  "heat- island"  effect  of 
cities  will  influence  the  air  pollution  potential,  the 
measurement  programs  should  consider  this  ef- 
fect. A  considerable  amount  of  trial  and  error 
can  be  expected  before  representative  (usable) 
data  on  the  appropriate  elements  will  be  obtained. 
In  general  terms,  knowledge  of  the  spatial  and 
temporal  variations  of  the  following  will  be  re- 
quired, as  the  air  flowing  over  a  city  can  never  be 
considered  dynamically  stationary: 

a.  The  dynamic  and  kinetic  structure  of  the 
mixing  layer  and  the  topography  of  its  upper 
surface  as  a  function  of  weather  conditions 
and  city  size,  roughness  distribution,  land- 
use  practices,  etc. 

b.  The  radiation  exchange  between  the  city  and 
the  atmosphere  including  the  vertical  diver- 
gence of  the  radiation  fluxes  in  both  the 
visible  and  ultraviolet  ranges  of  the  spec- 
trum. 

c.  Distribution  of  the  sources  and  sinks  of  heat 
(primarily  from  energy-conversion  proc- 
esses) over  the  city  and  their  variations  in 
time. 

While  the  above  research  will  help  clarify  the 
nature  of  the  physical  processes  governing  air 
pollution  potential,  work  can  proceed  simultane- 
ously to  compile  a  climatology  of  known  signifi- 
cant elements  and  to  develop  techniques  for  fore- 
casting these  elements.  For  instance,  the  link 
between  mesoscale  "stagnation"  conditions  and 
synoptic- scale  circulations  must  be  more  firmly 
established.  The  question  of  the  extrapolation  of 
"ventilation  climatology"  based  on  rural  (i.e., 
airport)  soundings  to  urban  environments  has  to 
be  answered  if  historical  upper-air  data  are  to 
be  utilized  with  maximum  confidence. 10 

8.3.2.4     Objective  d 

Simultaneous  measurements  of  a  contaminant 
(tracer)  in  air  and  precipitation  are  recommended 


10See    appendix  H  for  discussion  of  proposed  urban-rural 
climate  comparisons. 


to  test  mathematical  predictions  of  rainout.  The 
basic  technique  consists  of  injecting  tracers  into 
the  cloud  or  air  and  subsequently  measuring  this 
material  in  precipitation  and  air  collected  at  the 
ground  and  at  various  heights  within  the  boundary 
layer  on  sampling  arcs  to  distances  out  to  100 
km.  The  use  of  multitracers,  released  simulta- 
neously from  different  heights,  is  recommended 
as  a  technique  to  assess  the  effect  of  source 
height  and  surface  features  upon  the  vertical 
profile  of  air  contaminant  concentration.  These 
experiments  could  be  conducted  during  both 
precipitation  and  fog  conditions. 

A  study  of  deposition  or  plume  depletion  over 
various  canopies  of  grass,  foliage,  and  trees  is 
recommended.  These  should  simulate  surface 
characteristics  encountered  in  insecticide  and 
forest-fire  prevention  operations  (see  Agricul- 
ture-Forestry Project).  The  mechanisms  of 
aerosol  seepage  into  a  canopy  and  its  later  ex- 
pulsion need  to  be  studied  during  these  ex- 
periments. Measurements  using  the  same  tracers, 
detectors  and  techniques  of  analysis  should  be 
carried  out  at  one  site  under  various  selected 
conditions  to  determine  the  relationship  of  de- 
position to  meteorology.  The  experiments  should 
be  conducted  using  natural  vegetation  and  terrain 
as  the  deposition  collection  medium.  To  deter- 
mine the  effects  of  air  pollutants  on  the  trans- 
mission and  interception  of  radiant  energy  over 
a  spectrum  of  wavelengths,  measurement  of 
solar  and  terrestrial  radiation  in  an  urban-rural 
environment  is  recommended. 

Because  injection  of  pollutants  into  the  atmos- 
phere is  known  to  change  the  electrical  potential 
of  the  atmosphere,  the  measurement  of  electric 
field  potential  and  conductivity  within  and  around 
an  urban  area  also  is  recommended  to  determine 
the  feasibility  of  using  these  parameters  (atmos- 
pheric electricity)  as  indices  of  air  pollution 
potential  and  pollutant  concentration. 

• 

9.0     AGRICULTURE- FORESTRY  PROJECT 

9.1     STATEMENT  OF  THE  PROBLEM 

Many  factors  affect  agricultural  enterprises, 
but  none  is  more  decisive  than  the  weather  which 
is  directly  responsible  for  about  $1.3  billion  an- 
nual loss  in  national  farm  production.  Such  weath- 
er phenomena  as  thunderstorms,  tornadoes, 
mountain- valley  breezes,  frost  pockets,  and  show- 
ers are  small  enough  or  of  short  enough  duration 
that  they  often  go  undetected  within  the  normal 
synoptic  observational  network.  Yet,  these  and 
other  weather  phenomena  determine  short-term 
adjustments  in  planting,  control  measures,  har- 
vesting, and  other  operational  decisions  related 
to  farm  and  forestry  management.  Parameters 
like  soil  moisture  and  temperature,  evaporation, 
solar  radiation,  and  dew  are  important  in  both 
observational    and   forecast  programs  for  agri- 
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culture  and  forestry,  but  these  parameters  are 
not  normally  observed  or  forecast,, 

Timber,  water,  wildlife,  forage,  and  recreation 
resources  contained  in  forest  and  range  areas 
are  of  major  importance  to  the  national  welfare, 
particularly  in  view  of  a  growing  population.  To 
insure  effective  management  and  protection  of 
forest  and  grassland  areas,  Federal  and  State 
Agencies  devote  substantial  resources  to  the 
control  of  fire,  the  major  destructive  force  For 
example,  from  1960  to  1964  inclusive,  an  annual 
average  of  120,000  fires  burned  4,600,000  acres 
of  forest  land  in  the  United  States.  Considering 
damage  to  soil  and  wildlife,  loss  of  stored  water, 
and  blighted  recreation  areas,  a  real  annual  loss 
from  fire  is  estimated  to  approach  $500  million. 
Weather  conditions  directly  affect  not  only  the 
possibility  of  a  wild  fire  being  ignited  and  its 
subsequent  behavior,  but  may  also  delay  its  initial 
detection.  As  a  result,  it  is  clearly  in  the  na- 
tional interest  to  have  effective  weather  support 
for  presuppression  and  control  activities. 

Although  generalized  area-type  forecasts  can 
provide  useful  information,  the  most  effective 
level  of  service  can  be  achieved  through  locally 
tailored  interpretive  forecasts.  Local  variations 
are  often  controlling  factors.  They  may  include 
such  parameters  as  insolation,  precipitation,  tem- 
perature (of  air,  soil  and  foliage),  humidity  and 
wind,  and  the  presence  or  absence  of  low-level 
inversions. 

9.2     PRESENT  STATUS  AND  DEFICIENCIES 

The  present  Fire- Weather  Service  of  the  Weath- 
er Bureau  is  currently  available  to  only  selected 
sections  of  the  country.  Forestry  interests 
throughout  the  remaining  areas  must  carry  out 
their  operations,  using  weather  forecasts  and  ad- 
visories which  are  designed  to  serve  the  general 
public.  For  forestry  interests,  this  level  of 
service  is  deficient  because  of  the  following 
reasons: 

a.  Not  all  the  parameters  of  importance  (e.g., 
minimum  relative  humidity,  wind  shifts,  fuel 
moisture,  surface  turbulence)  are  covered 
in  the  forecast. 

b.  The  standard  predicted  meteorological  pa- 
rameters are  not  interpreted  in  terms  of 
fire-weather  criteria. 

c.  Often,  no  specialized  forecasts  are  available 
for  going  fires  or  areas  of  controlled  burns. 

d.  Special  forestry  observations  are  not  avail- 
able to  the  forecasters. 

e.  Often,  effective  dissemination  of  fire -weath- 
er forecasts  and  warnings  to  remote  areas 
of  interest  is  lacking. 

Although  some  of  the  above  service  deficiencies 
may  be  removed  by  procedural  and  technological 
improvements,  others  require  meteorological  re- 
search and  development. 


A  specialized  agricultural  weather  program  is 
also  being  implemented  by  the  Weather  Bureau  in 
12  areas  of  the  country,  consisting  of  specific 
agricultural  weather  measurements  and  observa- 
tions in  representative  farming  areas,  special 
forecasts  tailored  to  current  farm  practices,  and 
research  on  the  influences  of  weather  on  crop  and 
livestock  production. 

Some  of  the  major  deficiencies  on  the  subsyn- 
optic- scale  pertinent  to  agricultural  interests 
in  areas  other  than  those  specified  above  are  the 
following: 

a.  The  inability  to  define  aerodynamic  rough- 
ness effects  of  the  underlying  surface  in 
terms  of  height,  density  and  drag  character- 
istics of  the  plant  canopy.  This  deficiency 
has  retarded  the  development  of  prognostic 
models  of  transport,  diffusion  and  deposition 
of  pesticide  aerosols  used  so  extensively  in 
agriculture  and  forestry  operations. 

b.  The  lack  of  derived  relationships  between 
standard  weather  observations  and  meas- 
urements made  within  the  immediate  stand 
of  a  crop. 

c.  The  inability  to  provide  accurate  precipi- 
tation forecasts  showing  the  time  of  occur- 
rence, intensity,  and  type  of  precipitation 
expected. 

d.  Lack  of  measurement  and  forecast  of  evap- 
oration. 

e.  Lack  of  a  forecast  (1-6  hour  notice)  of  ad- 
verse weather  that  could  result  in  a  speed- 
up  of   planting,  cultivating,  or  harvesting. 

f.  Lack  of  a  derived  relationship  between 
solar-net  radiation  and  standard  weather 
observations,  and  soil  temperature  and 
moisture  conditions. 

g.  Lack  of  forecasts  of  occurrence,  duration 
and  intensity  of  dew. 

Some  of  the  above  deficiencies  are  now  the  sub- 
ject of  research  under  the  present  Weather  Bu- 
reau program.  However,  the  effort  is  compara- 
tively modest  and  falls  short  of  that  which  can 
be  accomplished  within  the  framework  of  a  con- 
certed Federal  Plan. 


9.3     RECOMMENDED  RESEARCH 
DEVELOPMENT 

9.3.1 


AND 


Objective 

To  improve  present  capability  to  describe  and 
predict  local  weather  conditions  of  importance  to 
agriculture  and  forestry  with  a  view  to  improving 
specialized  meteorological  services  for  these  in- 
terests. 

9.3.2     Research  and  Development  Program 

Attainment  of  the  above  objective  depends  on 
improving  knowledge  and  forecasting  capabilities 
in  several  interrelated  areas.  These  are  listed 
below: 
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9.3.2.1  Precipitation 

a.  Forecasting  precipitation— its  occurrence, 
timing  and  amount:  Research  needed  to  im- 
prove capability  in  this  area  is  described 
in  section  7.0  of  this  report. 

b.  Areal  and  temporal  variability  studies 
should  be  undertaken  to:  (1)  Determine 
areal  and  temporal  variability  of  precipita- 
tion at  the  ground  as  a  function  of  (a)  syn- 
optic pattern  and  (b)  topography,  (2)  De- 
termine the  rain -gage  network  required  for 
representative  observations  of  precipita- 
tion. 

c.  Estimating  representative  precipita- 
tion amounts  and  intensities  from  radar 
echoes. 

9.3.2.2  Forecasting   Temperature    Inversion  in 
the  Planetary  Boundary  Layer 

Improved  capability  in  this  area  depends  on 
research  described  in  section  6.0.  For  applica- 
tion to  many  forestry  (e.g.,  fire-weather)  activi- 
ties, located  in  more  rugged  terrain,  a  similar 
data-acquisition  program  (probably  less  ambi- 
tious owing  to  topographic  restrictions)  could  be 
carried  out  in  the  Rocky  Mountains  region,  di- 
rected from  a  U.S.  Forest  Service  Research 
laboratory  site.  An  analysis  of  the  profile  data 
thus  obtained  will  be  needed  to  define  the  rough- 
ness parameter  which  is  representative  of  the 
subsynoptic  area  of  interest. 

9.3.2.3  Interpreting  Synoptic-Scale  Meteorology 

This  effort  involves  the  interpretation  of  syn- 
optic-scale meteorology  into  fire-weather  and 
agricultural  parameters  such  as  maximum  tem- 
perature, minimum  relative  humidity,  wind  speed 
and  direction,  surface  turbulence,  and  fuel  mois- 
ture. The  task  is  also  an  inherent  part  of  the 
research  on  boundary  layer  profiles  and  their  syn- 
optic-scale systems.  It  is  hoped  that  from  these 
investigations  will  come  some  definition  of  tem- 
poral-spatial representativeness  of  a  single 
measuring  site  with  respect  to  the  surrounding 
terrain. 

9.3.2.4  Forecasting  Local  Effects 

These  include  mountain-valley  winds  and  typi- 
cal drainage  patterns  and  determining  the  relation 
of  these  circulations  to  temperature,  humidity, 
and  fuel  moisture. 

Time-lapse  photography,  together  with  simul- 
taneous measurements  of  wind,  temperature,  and 
moisture  profiles  in  the  boundary  layer  may  offer 
a  technique  for  assessing  transport  and  diffusion 
over  rough  terrain. 


intensity  of  rainfall,  and  the  strength  and  gusti- 
ness  of  surface  winds.  Research  to  increase 
capability  in  this  area  is  an  integral  part  of  the 
research  program  recommended  in  connection 
with  the  Severe  (Convective)  Storms  Project  (sec- 
tion 11.0). 

9.3.2.6  Investigation  of  Interaction  Between  Fire 
and  Atmosphere 

The  manner  should  be  determined  in  which 
fires  modify  wind  patterns,  temperature,  and 
moisture  profiles  in  areas  surrounding  the  fire, 
and  vice  versa.  Low-level  injection  of  tracers 
into  forest  fires,  and  subsequent  sampling  by 
aircraft  may  be  a  technique  for  qualitatively  es- 
timating low-level  entrainment  patterns.  These 
studies  should  help  to  describe  the  local  fire 
climate  from  standard  synoptic  network  data 
and  they  should  enhance  the  ability  to  predict 
the  development  of  a  going  fire  from  existing 
standard  meteorological  observations  and  from 
a  knowledge  of  local  geographic  features. 

9.3.2.7  Forecasting  Evaporation,  Dew  and  Frost 

Improved  capability  in  this  area  depends  on 
research  described  in  relation  to  boundary-layer 
profiles. 

9.3.2.8  Optimum    Spraying   and  Dusting  Condi- 
tions 

Efforts  should  be  made  to  determine  optimum 
spraying  and  dusting  conditions  as  a  function  of 
meteorology  and  plant  or  foliage  canopy.  The 
results  should  describe  optimum  injection  tech- 
niques for  given  meteorological  conditions.  These 
may  be  derived  by  measuring  deposition  on,  under, 
and  within  various  canopies  under  various  mete- 
orological conditions  and  using  various  aerosols 
and  spray-dusting  applications.11 


10.0     AVIATION  PROJECT 

10.1     STATEMENT  OF  THE  PROBLEM 

Users  of  the  National  Air  Space  System  include 
many  different  aircraft  with  diverse  flying  char- 
acteristics. At  present,  aircraft  registered  with 
the  FAA  by  type,  both  active  and  inactive,  include 
turbojet,  turboprop,  single-engine  land  and  sea, 
multiengine  land  and  sea,  rotorcraft,  gliders,  free 
balloons  and  dirigibles.  The  military  services, 
likewise,  have  aircraft  in  most  of  the  above  cate- 
gories. Although  the  majority  of  the  above  air- 
craft can  accept  the  presently  available  general 


9.3.2.5     Forecasting  Thunderstorms 

Particular    attention  should  be  devoted  to  the 
expected  level  of  electrical  activity,  amount  and 


nAlthough  dusting  operations  may  involve  areas  that  are 
likely  to  be  considered  smaller  than  our  defined  subsynoptic 
scale,  the  meteorological  mechanisms  that  affect  such  opera- 
tions are  really  of  a  subsynoptic  scale. 
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aviation  meteorological  services,  the  vast  dif- 
ference in  the  design  and  flight  characteristics 
of  the  different  types  of  aircraft  often  requires 
that  particular  and  specialized  aviation  weather 
support  be  provided. 

For  airships  and  free  ballons,  the  detection 
and  forecast  of  such  phenomena  as  inversions, 
superadiabatic  lapse  rates,  and  surface  wind  gusts 
becomes  critical  during  docking  and  undocking 
operations,,  For  rotorcraft,  accurate  density-al- 
titude forecasts  are  required.  For  the  modern 
turbojets  or  "jet  aircraft,"  terminal  weather  as 
well  as  the  high-altitude  (30,000  to  60,000  feet) 
wind  and  temperature  field  must  be  known  and 
forecast,,  In  a  single  year,  air  carriers  have 
sustained  losses  exceeding  $20  million  from  ac- 
cidents due  to  turbulence  alone. 

The  majority  of  the  rapidly  growing  population 
of  business  aircraft  and  other  small  aircraft 
(under  12,500  lbs,)  in  the  general  aviation  field 
require  accurate  forecasts  of  hazardous  flying 
weather.  These  must  be  designed  to  improve 
aviation  safety  in  that  important  segment  of  avia- 
tion. 

Supersonic  transports  will  require  additional 
mesoscale  forecasts,  for  wind,  temperature  and 
radiation  hazards  at  their  flight  levels. 

10.2     PRESENT  STATUS  AND  DEFICIENCIES 
10.2.1     Present  Status 

The  fully  automated  mesonet  at  NAFEC,  At- 
lantic City  is  in  operation  and  the  results  of 
experience  gained  will  be  assessed  as  to  the  de- 
sign for  optimizing  necessary  data  acquisition, 
telemetering,  and  data-reduction  equipment  for 
use  at  field  stations.  The  application  of  these 
data  to  subsynoptic-scale  meteorological  phe- 
nomena is  expected  to  improve  mesoscale  avia- 
tion weather  forecasts. 

Several  Agencies  have  clear  air  turbulence 
detection  programs  underway.  Limited  testing 
has  shown  a  correlation  between  clear  air  tur- 
bulence and  short-period  horizontal  changes  in 
air  temperature.  This  has  stimulated  the  devel- 
opment of  specialized  instrumentation  such  as 
temperature  gradient  recorders  and  remote  air- 
temperature  sensors.  Turbulence  associated  with 
convective  storms  is  currently  being  studied  by 
Doppler  weather  radar  and  improved  X-band 
airborne  weather  radar.  Studies  conducted  by 
the  NSSL  indicate  probabilities  of  encountering 
turbulence  with  given  values  of  radar  reflectivi- 
ties. The  test  and  evaluation  of  the  REEP  sta- 
tistical technique  for  predicting  ceiling  and  visi- 
bility, for  periods  of  2  to  7  hours  from  observa- 
tion time,  have  been  completed  for  8  terminals. 

The  capability  of  the  REEP  equations  was 
found  to  fall  short  of  subjective,  short-period 
forecasts,  particularly  of  ceilings.  The  subjective 
forecaster    has    considerably   greater    ability  to 


anticipate  extremely  low  ceilings.  The  REEP 
equations  are  as  good,  or  even  better,  at  longer 
projections  than  subjective  forecasts,  particu- 
larly for  visibility.  The  National  Meteorological 
Center  (NMC)  is  working  on  improving  forecasts 
of  wind  from  the  surface  to  40,000  feet.  Empha- 
sis is  placed  on  the  level  of  maximum  wind  which 
has  an  important  bearing  on  clear  air  turbulence 
occurrence.  During  FY  66  a  new  forecast  model 
was  developed  by  NMC  to  improve  upper  wind  and 
temperature  forecasts.  In  order  to  analyze  low- 
level  turbulence,  test  programs  are  being  pre- 
pared to  develop  devices  and  systems  for  mea- 
suring this  type  of  turbulence.  Considerable 
work  has  been  done  on  wind- shear  studies  in  the 
approach  and  landing  zones  of  terminals,  primari- 
ly by  committees  established  by  the  International 
Civil  Aviation  Organization  (ICAO), 

10.2.2     Deficiencies 

The  chief  unsolved  aviation  weather  problems  of 
today  are  turbulence  and  the  hazardous  flying 
weather  associated  with  severe  convective 
storms.  Lesser  but  still  important  deficiencies 
are  related  to  improved  forecasts  of  low-level 
wind  shear,  ceilings  and  visibility  at  terminals, 
and  high-altitude  winds.  Additional  aviation 
weather  problems  associated  with  icing,  fog  for- 
mation and  dissipation,  low-level  turbulence,  and 
fronts  can  be  more  readily  described  and  treated 
if  instrumented  mesonetworks  are  available  to 
provide  data  in  addition  to  that  currently  availa- 
ble. 

The  vertical  structure  of  the  atmosphere  re- 
quires improved  definition  and  predictibility  in 
order  to  assess  the  effects  of  different  lapse 
rates,  inversions,  and  density  differences  on 
aircraft  performance,  especially  during  penetra- 
tion or  climb-out. 

10.3     RESEARCH  AND  DEVELOPMENT 

Elaborate  programs  for  research  and  develop- 
ment relating  to  different  problem  areas  of  avia- 
tion weather,  such  as  clear  air  turbulence,  sonic 
boom,  and  other  problems,  are  in  various  stages 
of  planning  and  implementation.  These  programs 
could  be  incorporated  into  a  Federal  Plan;  they 
will  not  be  described  here. 

Below  is  a  summary12  of  a  program  addressed 
specifically  to  terminal  weather  problems.  This 
program,  prepared  under  agreement  between  FAA 
and  the  Weather  Bureau  (ESSA)  is  an  example  of 
fruitful  interagency  cooperation  which  a  Federal 
Plan  will  further  promote.  Details  of  this  pro- 
gram are  described  in  the  FAA/WB  Interagency 
Agreement  on  Medium  Period  Terminal  Weather 
Prediction. 


12  Contributed    by    R.     Allen    (Weather    Bureau,     ESSA). 
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10.3.1     Program  To  Develop  Medium-Period 
Terminal-Prediction  Techniques 

a.  As  an  interim  step,  develop  single- station 
techniques  for  ceiling  and  visibility  for  8 
terminals  and  for  2,  3,  5,  and  7  hours. 
Test  these  techniques  on  the  7-month  REEP 
evaluation  period.  If  the  single  station  ap- 
proach meets  Weather  Bureau  criteria  of 
accuracy,  develop  these  techniques  for  150 
terminals  for  which  FAA  has  a  require- 
ment but  no  terminal  forecast  is  now  made. 

b.  Conduct  experiments  in  developing  improved 
station  network  techniques  using  surface 
predictors  derived  on  the  basis  of  physical 
reasoning.  Predictors  to  be  used  will  in- 
clude derived  variables  selected  to  repre- 
sent the  physical  processes  of  warm  ad- 
vection,  moisture  advection,  cloud-deck 
translation,  cooling  by  the  ground,  cooling 
by  evaporation  of  precipitation,  radiational 
cooling  and  others. 

Emphasis  will  be  placed  on  predicting  low 
values  of  ceiling  and  visibility,  and  objective 
methods  will  be  tested  for  stratifying  bad  weather 
situations.  The  Boolean  predictor  studies  at  San 
Jose  State  College  and  the  rare  events  work  at 
Travelers  Research  Center  will  form  the  basis 
for  some  of  the  experiments.  Both  of  these  proj- 
ects are  directed  toward  forecasting  the  lowest 
classes  of  ceiling  and  visibility. 

The  tests  will  be  conducted  on  12  terminals 
for  projections  of  2,  3,  5,  8,  and  12  hours.  Com- 
parison will  be  made  with  results  obtained  pre- 
viously on  the  7-month  operational  test  for  8  sta- 
tions and  with  simple  REEP  equations  developed 
for  the  additional  4  stations. 

c.  Conduct  experiments  in  developing  improved 
techniques  using  upper-air  data  in  addition 
to  surface  data.  Predictors  to  be  used  in 
addition  to  those  found  useful  in  previous 
experiments  will  include  measures  of  thick- 
ness and  thickness  advection,  vorticity  and 
vorticity  advection,  humidity  and  humidity 
advection,  stability,  height  and  thickness 
changes,  and  others  to  be  determined.  Data 
samples  will  be  limited  to  two  observations 
per  day,  but  tests  will  be  made  on  inter- 
mediate hours  using  interpolated  or  pre- 
dicted data. 

Experimental  techniques  will  be  developed  for 
seven  terminals  based  on  individual  soundings 
made  at  or  near  the  terminal. 

Tests  of  the  improvement  obtained  by  use  of 
upper-air  data  will  be  based  on  the  same  7 -month 
test  period  used  previously. 

d.  Conduct  experiments  in  development  of 
generalized  prediction  equations  for  ceiling 
and  visibility  which  can  be  applied  to  any 


terminal  within  a  large  region.    These  ex- 
periments will  include: 

(1)  Specification  of  predictor  variables 
which  represent  physical  processes  as- 
sociated with  ceiling  and  visibility  vari- 
ations and  which  can  be  computed  from 
the  products  of  numerical  weather  pre- 
diction and  from  objective  analyses  of 
network  data.  Predictors  will  be  de- 
signed to  represent  the  surface,  upper- 
air,  and  weather  parameters  found  use- 
ful from  the  experiments  described  in 
paragraphs  b  and  c  above.  These  pre- 
dictors will  be  defined  in  terms  of  grid- 
point  data,  or  in  terms  of  gradients  and 
analyzed  fields  computed  from  genera- 
lized station  networks.  Predicted  fields 
of  weather,  humidity,  and  temperature 
will    be  used  as  input  where  possible. 

(2)  Tests  of  the  use  of  a  fine-mesh  numer- 
ical prediction  model  to  forecast  the 
fields  of  temperature,  humidity,  and 
circulation  based  on  the  standard  sur- 
face observations,  upper -air  observa- 
tions, and  boundary  conditions  derived 
from  large-scale  numerical  predic- 
tions. Statistical  techniques  will  be 
used  to  derive  ceiling  and  visibility 
forecasts  from  these  predictions  of  the 
state  of  the  atmosphere. 

(3)  Evaluation  of  the  use  of  a  prediction 
equation  for  a  primary  station  to  fore- 
cast for  nearby  secondary  stations.  An 
attempt  will  be  made  to  determine  over 
how  large  an  area  a  prediction  equation 
developed  for  a  primary  station  can  be 
used.  Attempts  will  be  made  to  develop 
a  general  technique  for  modifying  the 
primary  equation  to  include  local  effects 
at  the  secondary  station  without  the  use 
of  prior  observational  records  from  the 
secondary  terminal. 

These  approaches  to  development  of  a  gener- 
alized technique  will  be  tested  by  preparing  fore- 
casts for  an  independent  data  sample  and  will  be 
tested  on  "withheld"  stations  within  the  specified 
region.  It  is  expected  that  such  generalized 
techniques  may  be  adequate  over  only  a  portion 
of  the  United  States,  and  individual  techniques 
may  be  required  for  other  regions. 

e.  Compare  the  techniques  developed  in  pre- 
vious tasks  on  the  basis  of  forecasting  skill, 
feasibility  of  development  for  a  large  num- 
ber of  terminals,  economy  of  development 
for  many  terminals,  and  feasibility  and  econ- 
omy of  implementation.  Criteria  for  the 
forecast  quality  will  be  provided  by  the 
Weather  Bureau. 

f.  Develop  prediction  techniques  for  surface 
wind  for  the  same  terminals  and  projections. 
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The  method  of  approach  will  be  based  on 
available  synoptic- scale  circulation  predic- 
tion modified  by  local  topographic  influences 
such  as  time  of  day  and  season. 

g.  Based  on  evaluation  of  the  specialized  and 
generalized  prediction  techniques,  develop 
a  plan  for  constructing  weather  prediction 
techniques  for  all  required  terminals  in  the 
conterminous  United  States.  This  plan  may 
envision  the  use  of  different  approaches 
for  different  areas  in  order  to  obtain  an 
optimum  balance  of  forecast  accuracy,  de- 
velopment cost,  and  operational  feasibility. 

h.  Develop  an  automation  framework  consist- 
ing of  computer  program  packages  for  pre- 
paring data  and  computing  forecasts  under 
the  selected  plan. 


11.0  SEVERE    (CONVECTIVE)   STORM 

PROJECT 

11.1  STATEMENT  OF  THE  PROBLEM 

Despite  strenuous  efforts  over  many  years,  a 
reliable  quantitative  methodology  for  predicting 
severe  local- storm  phenomena  and  their  associ- 
ated hazards  is  still  not  available.  Empirical 
rules  and  principles  have  served  as  the  basis 
for  severe  local-storm  forecasting  and  the  pro- 
cedures are  still  subjective  and  qualitative.  Dur- 
ing the  last  decade,  the  refinement  of  these  prin- 
ciples has  proven  useful  and  has  resulted  in  im- 
proved forecasts.  In  addition,  since  late  1962,  a 
number  of  diagnostic  computer  programs,  proc- 
essing certain  severe  local-storm  parameters, 
have  been  integrated  into  the  forecast  routine. 
However,  in  the  present  state  of  the  art,  the 
forecaster  must,  to  a  large  extent,  subjectively 
assess  the  relative  importance  of  various  indi- 
cators to  arrive  at  a  forecast  decision.  The 
empirical  rules  and  diagnostic  techniques  do  not 
necessarily   lead    to    unique    forecast  decisions. 

The  behavior  of  severe  convective  storms  is  in- 
timately related  to  larger  scale  circulations.  Be- 
cause of  this  linkage  it  has  been  possible  to  extract 
some  gross  prognostic  information  relative  to 
the  smaller  systems  from  the  larger  circulations. 
General  areas  favorable  for  the  occurrence  of 
severe  local  storms  can  be  identified,  but  the 
individual  storms  cannot  be  pinpointed. 

However,  severe  local  storms  occur  in  the  high- 
frequency  portion  of  the  mesoscale,  and  fore- 
casting their  occurrence  is  directly  related  to  the 
ability  to  identify  atmospheric  circulations  which 
spawn  the  storms.  With  the  existing  networks, 
the  chances  of  observing  the  detailed  three-di- 
mensional features  of  these  mesoscale  systems 
are  rather  small,  even  on  a  research  basis. 
Descriptive  storm  models  currently  available  are 
incomplete. 

Another  problem  arises  from  the  rapid  decay 
of  information  pertaining  to  small-scale-motion 


systems.  In  order  for  the  forecaster  to  keep  up 
to  date  on  these  rapidly  developing  and  fast-mov- 
ing systems  he  must  perform  three-dimensional 
analyses  at  frequent  intervals. 

A  data-acquisition  system  capable  of  providing 
the  necessary  temporal  and  spatial  density  re- 
quired for  adequate  three-dimensional  resolution 
of  these  mesoscale  motion  systems  at  frequent 
intervals  will  not  be  implemented  on  an  opera- 
tional basis  in  the  foreseeable  future.  Because 
of  this,  a  practical  severe  local-storm  forecast- 
ing system  must,  at  least  initially,  be  based  on 
predictors  obtainable  from  the  present  synoptic- 
scale  network,  despite  the  fact  that  the  predictand 
is  of  the  subsynoptic  scale. 

The  maximum  amount  of  information  must  be 
extracted  from  current  network  data,  and  greater 
forecast  accuracy  must  be  attained.  These  goals 
cannot  be  accomplished  without  a  better  under- 
standing of  the  structure  of  severe  local  storms 
and  of  their  behavior  as  a  function  of  the  macro - 
scale  systems.  This  can  best  be  achieved  through 
research  using  data  which  depicts  the  local  storms 
with  a  resolution  appropriate  to  their  natural 
scale. 


11.2     PRESENT  STATUS  AND  DEFICIENCIES 

11.2.1     Present  Status 

Current  public  tornado  watches  are  aimed  at 
delineating  the  area  where  severe  storm  activi- 
ties, including  tornadoes,  are  likely  to  occur. 
Forecasts  provide  1  to  3  hours  lead  time  and 
represent  on  the  average  an  area  of  approximately 
6.5  x  104  square  kilometers.  The  probability 
that  one  or  more  tornadoes  will  occur  in  a  given 
forecast  area  is  around  35%. 

11.2.2     Deficiencies 

Both  the  average  area  of  the  tornado  forecast 
and  the  verification  need  to  be  improved.  Unless 
this  is  done,  there  seems  to  be  little  point  in 
attempting  to  improve  lead  time,  since  tornado 
forecasts  issued  too  far  in  advance  tend  to  be 
discounted  by  the  public  if  no  activity  occurs  after 
an  appreciable  time. 

A  very  substantial  improvement  can  be  achieved 
without  additional  research  by: 

a.  Additional  surface  weather  reports,  during 
the  tornado  season,  from  areas  of  high  in- 
cidence of  severe  storms. 

b.  More  frequent  upper-air  observations. 

c.  Reports  from  aircraft  encountering  severe 
weather. 

d.  Special  reports,  both  by  professional  and 
volunteer  observers  of  suspicious  symptoms 
of  severe  weather. 

e.  Improved  communications  both  for  the 
speedier  receipt  of  weather  reports  and  of 
broad- scale  analyses  from  NMC. 
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Despite  the  above  state-of-the-art  improve- 
ments, certain  serious  deficiencies  will  remain 
which    must  be  eliminated  by  further  research. 

As  stated  earlier,  a  major  portion  of  the  pres- 
ent forecasting  technique  for  severe  local  storms 
is  derived  from  empirical  studies.  Experience 
with  recent  assistance  from  a  number  of  diagnos- 
tic computer  programs  has  proven  quite  useful 
in  the  routine  processing  of  severe- storm  param- 
eters which  previously  were  impossible  to  eval- 
uate on  an  operational  basis.  However,  these 
programs  can  be  improved  as  more  experience 
is  gained  through  the  interpretation  of  the  results 
and  with  further  refinements  to  the  individual 
programs. 

The  mass  of  three-dimensional  data  required 
for  adequate  resolution  of  the  mesoscale  systems 
producing  severe  weather  is  ideally  suited  for 
high-speed  data  processing.  However,  due  to 
the  present  lack  of  three-dimensional  atmospheric 
models  describing  these  systems,  the  computer 
programs  cannot  be  utilized  to  their  fullest  ex- 
tent by  the  present  input  from  the  data-acquisi- 
tion system, 

11.3     RECOMMENDED  RESEARCH  AND 
DEVELOPMENT 

11.3.1     Objective 

The  objective  is  to  recommend  a  program  of 
research  and  development  which  will  lead  to  the 
improvement  of  severe  local -storm  forecasts, 
providing  greater  accuracy  and  a  real  resolution, 
and  longer  lead  time.  This  would  be  accomplished 
by: 

a.  Obtaining  more  information  on  the  space  and 
time  distribution  of  meteorological  param- 
eters   both   within  and  around  the  storms. 

b.  Advanced  numerical  modeling. 

c.  Effective  use  of  data  in  suitable  numerical 
models. 

11.3.2     Descriptive  Studies 

Only  a  small  number  of  storm  models  have 
been  proposed  and,  of  these,  only  a  few  provide 
a  rough  approximation  of  severe  storms.  Inten- 
sive efforts  should  be  devoted  to  case  studies  of 
severe  storms  to  learn  more  about  important  fea- 
tures of  severe  storms,  such  as: 

a.  Space  distributions  of  motion,  temperature, 
moisture  and  pressure  characteristic  of 
severe  storms. 

b.  The  links  between  these  features  and  their 
budgets  of  water  and  energy. 

c.  The  effects  of  the  Jetstream  on  formation 
and  development  of  severe  storms. 

d.  The  vertical  velocity  fields  associated  with 
the  superposition  of  upper-level  and  low- 
level  jets. 

e.  The  latent  instability  associated  with  severe 
storms. 
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11.3.3     Sensor  Development 

The  case  studies,  detailed  above,  depend  on  the 
coordinated  use  and  improvement  of  modern  ob- 
serving tools,  including  aircraft-borne  sensors, 
radiosondes,  radar,  and  conventional  equipment  at 
surface  stations  and  on  meteorological  towers. 
Due  attention  and  effort  should  also  be  devoted  to 
the  development  of  the  sensors  with  a  long-range 
potential.     Special  emphasis  should  be  placed  on: 

a.  The  advanced  capabilities  for  measuring 
atmospheric    motions    by    Doppler    radar. 

b.  The  possibilities  for  observing  important 
details  in  the  moisture  and  temperature 
distribution  by  means  of  infrared  observa- 
tions from  satellites. 

c.  Taking  increased  advantage  of  the  compre- 
hensive view  of  cloud  forms  available 
through  satellite  photographs. 

do  Greater  capitalization  on  the  accuracy  of 
wind  measurements  in  and  near  storms  when 
probing  aircraft  are  equipped  with  inertial 
guidance  systems. 

11.3.4     Numerical  Simulation 

At  least  two  areas  can  be  identified  where 
numerical  simulation  must  advance.  First,  there 
is  numerical  simulation  of  individual  storms  with 
a  view  to  determining  the  relationship  among 
physical  processes  in  the  storms.  Projects  of 
such  numerical  studies  and  field  observations 
should  be  mutually  supporting,  and  may  be  ex- 
pected to  shed  new  light  on  the  behavior  of  indi- 
vidual storms,  with  important  consequences  for 
short-term  prediction. 

The  second  area  with  implications  for  forecasts 
beyond  a  few  hours  involves  numerical  simulation 
of  the  role  of  severe-storm  arrays  in  determining 
the  development  of  large-scale  fields.  This  may 
require  statistical  treatment  of  the  storms  whose 
singular  properties  are  measured  during  periods 
of  intensive  observations  which  have  been  or- 
ganized for  research  purposes. 

11.3.5     Numerical  Analysis  Techniques 

Objective  analysis  of  atmospheric  properties 
is  done  most  on  the  scale  of  hemispheric  analysis 
common  at  the  National  Meteorological  Center. 
Objective  techniques  need  to  be  developed  to  take 
advantage  of  the  smaller  spatial  scales  and  re- 
duced time  intervals  associated  with  the  relatively 
dense  observations  available  from  areas  where 
severe  storms  are  frequent.  Extra-network  and 
asynoptic  data  must  be  incorporated  into  the 
analyses  and  improved  means  found  for  extra- 
polating the  relatively  abundant  surface  data  to 
upper  levels.  This  implies  a  greater  appreciation 
of  linkage  between  the  boundary  layer  and  the 
remaining  troposphere.  Radar  data  indicates  the 
location  of  rising  air  motions  and  should  receive 
special  attention  with  regard  to  its  application  to 
diagnoses  from  which  forecasts  proceed. 


11.3.6     Physical-Statistical  Studies 

The  studies  detailed  above  will  require  many 
years  before  they  are  expected  to  come  to  full 
fruition.  Therefore,  a  reasonable  proportion  of 
the  research  effort  should  be  aimed  at  short-range 
gains  in  the  capability  to  forecast  severe  storms. 

Over  the  years  numerous  meteorological  par- 
ameters, singly  or  in  combination,  have  been  found 
to  be  of  prognostic  value  in  connection  with  the 
occurrence  of  severe  local  storms  or  their  asso- 
ciated phenomena. 

It  is  proposed  that  a  physical-statistical  fore- 
casting system  utilizing  an  optimum  combination 
of  known  predictors  be  developed.  Although,  in 
principle,  it  is  desirable  to  utilize  all  predictors 
that  are  considered  important  on  the  basis  of 
previous  theoretical,  synoptic  and  empirical  work, 
the  number  of  predictors  which  may  be  effectively 
incorporated  in  prediction  equations  is  limited  by 
the  size  of  the  developmental  sample.  Therefore, 
it  is  necessary  to  select  by  suitable  screening 
techniques  those  predictors  which  have  high  in- 
formation content. 

11.3.7     Acquisition  of  a  Comprehensive  Clima- 
tological  Record  of  Severe  Storms 

Quantitative  weather  radar  provides  the  only 
practical  means  for  acquiring  objective  and  com- 
prehensive records  of  severe  storm  occurrences 
and  behavior.  Such  a  record  would  indicate  the 
true  nature  of  many  statistical  associations  among 
severe  storms,  atmospheric-state  parameters, 
and  diurnal  and  seasonal  influences.  This  knowl- 
edge should  guide  research  to  develop  reasonable 
numerical  dynamical  models  of  severe  storms, 
and  assist  the  development  of  statistical  predic- 
tive techniques. 

12.0     DATA- ACQUISITION  PROGRAM 

12.1     PRINCIPLES  FOR   INTEGRATED 
APPROACH 

Although,  for  the  sake  of  convenience,  the  re- 
search program  in  this  report  has  been  classified 
under  a  number  of  problem  areas,  the  components 
of  the  different  research  projects  are  highly  in- 
terrelated. Thus  research  on  the  boundary  layer 
is  highly  relevant  to  the  problem  of  forecasting 
clouds  and  precipitation  which,  in  turn,  is  ger- 
mane to  problems  of  fire-weather,  agriculture, 
and  the  deposition  of  pollutants.  Similarly,  re- 
search on  air  pollution  potential  must  be  concerned 
with  the  adaptation  of  boundary-layer  forecasts  to 
urban  settings.  The  potential  benefits  of  a  Fed- 
eral Plan  will  not  be  realized  if  the  individual 
research  projects  are  designed  and  executed  in 
isolation  from  each  other. 

The  following  principles  are  considered  funda- 
mental for  an  efficient  and  economical  data-ac- 
quisition program  for  a  Federal  Plan: 


a.  The  data-acquisition  programs  should  be 
planned,  to  the  extent  possible,  around  exist- 
ing facilities. 

b.  When  feasible,  the  additional  equipment 
required  to  implement  the  full  programs 
should  be  movable  to  permit  its  utilization 
in    a    succession   of   representative    sites. 

c.  Field  programs  should  be  planned  to  acquire 
the  necessary  data  simultaneously  for  more 
than  one  research  project. 

d.  Data  acquired  at  different  sites  and  for  dif- 
ferent research  efforts  should  be  compati- 
ble. 

e„  Measurements  of  the  principal  meteorologi- 
cal elements  consisting  of  wind,  temperature 
and  moisture  are  required  by  all  problems. 

f.  Certain  auxiliary  measurements  are  essen- 
tial   for   particular  problems  under  study. 

g.  Real-time  data  acquisition  is  desirable  in 
many  research  projects  and  a  simultaneous 
operational  utility  of  these  data  should  also 
be  considered  when  weighing  any  additional 
cost  incurred  against  the  immediacy  of  the 
information. 


12.2     SYNTHESIS 

Details  of  the  data-acquisition  systems  de- 
signed for  the  various  research  projects  are 
found  in  appendix  E.  The  proposed  system  for 
the  study  of  boundary-layer  profiles  features  a 
mobile  set  of  stations,  along  two  lines  with  a 
common  origin,  which  measure  the  principal  ele- 
ments of  wind,  temperature,  and  moisture.  On 
each  line  there  is  a  variable  spacing  of  stations 
which  extend  out  to  108  km.  Measurements  of 
the  principal  elements  in  the  vertical  are  con- 
ducted at  nine  levels  between  the  surface  and 
1500  meters;  tethersondes,  modified  radiosondes, 
and  airfoils  are  utilized.  Auxiliary  measurements 
include  standard  surface  observations,  solar  and 
net  radiation,  and  soil  temperature  and  moisture. 
The  mobility  of  the  system  allows  for  different 
configurations  which  will  permit  testing  of  a 
variety  of  boundary-layer  profile  models. 

The  proposed  system  for  the  cloud  and  precipi- 
tation project  envisions  a  larger  network  of  sur- 
face and  upper-air  stations,  spaced  at  intervals 
of  40  to  80  km.,  over  a  30  x  104  to  90  x  104sq. 
km.  area.  A  greater  density  of  surface  and  pro- 
file measurements  is  recommended  for  the  se- 
vere-weather projects,  to  enable  greater  temporal 
and  spatial  resolution  of  lifted  index,  water  bud- 
get, and  other  pertinent  features. 

To  satisfy  the  data-acquisition  requirements 
for  the  agriculture-forestry,  air  pollution,  and 
aviation  projects,  the  system  described  for  the 
profile  project  may  be  utilized  to  varying  degrees 
of  spatial  and  temporal  resolution.  Auxiliary 
measurements  are  required  for  these  projects. 
They  include  measurements  of  radiation  and  of 
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the  chemical-physical  constitutents  of  the  at- 
mosphere. Determination  of  air  trajectories  by 
suitable  tracers  also  should  be  envisaged 

Thus,  the  inner  system  described  in  appendix 
E  in  relation  to  the  boundary-layer  profiles  is 
essentially  common  to  all  problems  with  minor 
configuration  adjustments,  and  the  broader  data 
coverage  described  in  the  cloud  and  precipitation 
project  would  complement  the  inner  core  and  pro- 
vide a  network  of  compatible  data  for  use  by  all 
projects  simultaneously. 

If,  indeed,  this  were  a  real-time  network,  di- 
rect operational  use  could  be  made  of  the  system 
and  some  significant  improvement  in  local-weath- 
er forecasts  achieved  almost  at  once.  This  is 
based  upon  the  hypothesis  that  one  quickly  obtains 
more  observations  in  the  subsynoptic  scale, 
analyzes  these  data,  and  readily  extrapolates  the 
real  mesoscale  weather  systems. 

12.3     LOCALES  FOR   FIELD  EXPERIMENTS 

By  their  very  nature,  mesometeorological  sys- 
tems and  circulations  are  quite  sensitive  to  the 
underlying  terrain.  Aspects  brought  out  by  studies 
over  one  terrain  may  not  be  applicable  to  other 
locales.  This,  added  to  the  diversity  of  the  prob- 
lems of  interest  to  a  Federal  Plan,  makes  it 
undesirable  and  even  impossible  to  recommend 
one  locale  in  which  to  centralize  all  field  experi- 
ments required  for  the  implementation  of  the 
research  programs.  Appendix  F  describes  some 
locales  which  are  suitable  for  different  problem 
areas. 

The  following  principles  should  be  considered 
in  planning  field  experiments: 

a.  Preferably,  initial  experiments  should  be 
conducted  over  simple  terrain.  Later  stud- 
ies should  be  made  over  irregular  terrain, 
urban  complexes,  coastal  areas,  inland 
water  areas,  and  marine  areas. 

b.  The  sites  selected  should  be  those  where 
the  meteorological  phenomena  under  study 
occur  with  relatively  high  frequency. 

On  the  basis  of  the  above  principles  and  of  the 
advantages  of  planning  data-acquisition  programs 
around  well-instrumented  facilities,  networks  at 
the  NSSL  and  NAFEC-New  York  City  areas  appear 
suitable  as  sites  for  many  field  experiments  of 
interest  to  different  problem  areas.  The  following 
are  some  of  the  phenomena  which  may  be  investi- 
gated at  each  of  these  sites: 

a.  NSSL: 

Profile  verification 
Clouds  and  precipitation 
Deposition,  washout  and  rainout 
Severe  convective  storms 

b.  NAFEC-New  York  City: 

Profile  verification;  model  testing 
Ceilings  and  visibility 


Air  pollution  problems 
Urban-rural  climatology 
Land- sea  interface  problems 
Problems    of    agricultural    meteorology 
(frost,  dew,  evaporation) 

The  NAFEC-New  York  City  area  is  especially 
suited  for  studying  the  increasingly  important 
special  problems  of  the  Northeastern  megalopolis, 
with  its  25  million  people  and  their  requirements 
for  many  types  of  meteorological  services.  As 
a  Federal  Plan  gets  underway,  one  can  imagine 
the  present  NAFEC  network  greatly  expanded 
to  encompass  the  megalopolis  or  a  broader  area 
along  the  Atlantic  coastal  region. 

12.4     THE  ROLE  OF  SATELLITES 

The  above  synthesis  does  not  take  into  con- 
sideration a  potentially  potent  tool  for  mesome- 
teorological research  which  is  provided  by  me- 
teorological satellites.  An  analysis  of  present 
and  future  possibilities  is  given  in  appendix  G. 

12,5     MESOCLIMATOLOGY 

The  data-acquisition  program  detailed  above, 
together  with  some  additional  observations,  will 
enable  some  highly  interesting  and  useful  meso- 
climatological  studies  to  be  made.  Some  such 
studies  are  described  in  appendix  H. 

13.0     DATA  PROCESSING  AND  ARCHIVING 

Meteorological  data  and  related  information  of 
possible  interest  to  researchers  using  the  sub- 
synoptic  networks  may  be  classified  into  three 
groups: 

a.  The  principal  element  data  from  the  sub- 
synoptic  network  locations. 

b.  Auxiliary  data  and  information  from  within 
the  subsynoptic  networks. 

c.  Supplemental  data  and  information  from 
the  existing  synoptic  network  within  300 
kilometers    of    the    subsynoptic    networks. 

Appendix  I  describes  the  types  of  data  and  in- 
formation to  be  acquired  from  both  within  and 
outside  of  the  subsynoptic  networks  and  contains 
recommendations  to  be  considered  in  the  organi- 
zation and  design  of  a  filing  system.  These  rec- 
ommendations emphasize: 

Cataloging  of  acquired  data 
Documentation    of  instruments  and  methods 
Data  checking  and  editing 
Compatibility  of  filing  formats 
Automation 

All  data,  related  information,  and  original  proj- 
ect records  are  to  be  filed  in  optimum  computer- 
compatible  form  at  the  National  Weather  Records 
Center  (NWRC).     Authorized  requesters  will  be 
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APPENDIX  A 


TERMS  OF  REFERENCE 

FOR 

TASK  TEAM  ON  SUBSYNOPTIC-SCALE  METEOROLOGICAL  PROBLEMS 


June  6,  1966 


Purpose 


The  Task  Team  on  Subsynoptic-Scale  Mete- 
orological Problems  will  prepare  a  coordinated, 
draft  Federal  Plan  which  shall  have  as  its  ob- 
jective the  development  of  a  multiagency,  sub- 
synoptic  research  and  development  program  lead- 
ing toward  better  weather  services, 

II.     Authority 

The  Task  Team  is  established  by  the  Interde- 
partmental Committee  for  Applied  Meteorological 
Research  (ICAMR)  in  accordance  with  Item  5, 
Record  of  Actions,  of  the  March  1966  Meeting  of 
the  ICAMR. 

III.     Definition 

For  the  Task  Team's  purposes,  the  set  of 
subsynoptic- scale  weather  systems  is  defined  as 
being  composed  of  all  middle-  and  high-latitude 
systems  except  the  very  small  (i.e.,  the  micro- 
systems within  a  few  meters  of  the  earth's  sur- 
face) and  except  the  macrosystems  that  are 
described  by  the  existing  synoptic  network.  In 
general,  the  subsynoptic  spectrum  is  defined  as 
containing  the  intermediate  scales  of  atmospheric 
phenomena  not  adequately  detected  by  the  existing 
synoptic  network  of  reporting  stations.  Admitted- 
ly, there  are  gray  areas  at  the  low  and  high  ends 
of  this  spectrum. 

a.  A  few  sample  elements  of  the  set  of  sub- 
synoptic-scale  weather  systems  as  defined 
are:  local  severe  storms  including  tor- 
nadoes, quantitative  precipitation, 
cloud  systems,  squall  lines,  particle  trans- 
port and  diffusion  processes.  (The  defini- 
tion is  meant  to  exclude  hurricanes  and  ty- 
phoons.) 

b.  The  Task  Team  will  restrict  its  attention 
to  a  time  scale  of  about  36  hours  or  less. 

IV.     Responsibilities 

A.  The  Task  Team  shall  insure  that  sufficient 
consideration  and  emphasis  is  given,  within  rea- 
sonable budgetary  limits,  to  developing  and  im- 
proving the  capability  to  observe  and  forecast 
meteorological  phenomena  occurring  in  the  sub- 
synoptic scale.  Guidance  provided  in  the  "Report 
of  Panel  on  Meteorological  Subsynoptic  Scale  Re- 
search Program,"  the  "Report  of  the  ICAMR  Ad 
Hoc  Group  on  Subsynoptic  Scale  Meteorological 
Problems,"  and  the  "Federal  Plan  for  Meteoro- 
logical   Services    and   Supporting   Research  (FY 


67),"  will  serve  as  a  basis  for  continuing  these 
efforts  and  for  development  of  a  draft  plan  devoted 
solely  to  subsynoptic -scale  phenomena. 

B.  The  Task  Team  shall  produce  a  series  of 
reports  leading  to  development  of  the  draft  Fed- 
eral Plan. 


1.  Document  the  makeup  of  the  Task  Team, 
with  a  schedule  for  completion  of  the  series 
of  reports  leading  to  completion  of  the  task 
assigned. 

2.  Perform  a  problem  definition  study  based 
upon  a  review  and  extension  of  reports  cited 
above  and  information  contained  in  an  OF  CM 
working  paper,  determine  and  evaluate  what 
is  being  done  now  to  try  to  solve  the  prob- 
lems defined  and  describe  the  experiments 
and  projects  required  to  attack  those  prob- 
lems not  being  adequately  solved.  This 
should  include  a  determination  by  each  par- 
ticipating Agency  as  to  the  specific  sub- 
synoptic-scale  forecasting  problems  it  has 
for  which  solutions  are  desired,  and  a  de- 
scription of  the  experiments  required  to 
solve  these  problems. 

3.  Determine  and  match  the  facilities  (which 
include  data  acquisition,  processing,  com- 
munications and  personnel)  against  the  spe- 
cific problems  to  be  solved  for  those  locales 
under  consideration.  This  comparison 
should  reveal  the  requirements  for  addition- 
al facilities.  On  the  basis  of  this  study, 
provide  recommendations  by  July  15,  1966 
to  the  ICAMR  (a)  on  the  locale  (or  locales) 
that  should  be  considered  for  final  systems 
design  for  capabilities  for  conducting  the 
desired  multiagency  R&D  programs,  and(b) 
on  the  single  Agency  that  should  be  desig- 
nated to  provide  program  leadership  in  the 
implementation  of  the  coordinated  Federal 
Plan. 

4.  Subsequent  to  receipt  of  guidance  from 
ICAMR  following  submission  of  the  recom- 
mendations in  the  preceding  step,  prepare 
a  preliminary  FY  68  budget  estimate,  by 
Agency,  based  on  the  best  analysis  of  the 
Task  Team.  This  budget  estimate  should 
be  made  available  to  the  ICAMR  by  August 
15,  1966. 

5.  Submit  a  final  report  on  the  tasks  assigned, 
which  will  constitute  a  draft  Federal  Plan, 
by  September  1,  1966.  This  plan  should 
reflect  a  recommended  5-year  funding  pat- 
tern. 
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V.     Membership  and  Organization 

A.  The  Task  Team  membership  shall  be  com- 
posed of  representatives  designated  by  the  fol- 
lowing Agencies  of  the  U.S.  Government  to  work 
full-time  for  about  two  to  three  months: 

Department  of  Commerce,  Chairman 
Department  of  Defense 
Federal  Aviation  Agency 
Atomic  Energy  Commission 
Department  of  Health,  Education  and 
Welfare 

B.  The  Office  of  the  Federal  Coordinator  shall 
provide  an  Executive  Assistant  to  the  Chairman 
of  the  Task  Team,  as  well  as  secretarial  and  other 
administrative  support.  This  support  along  with 
access  to  program  information  files  and  re- 
quirements studies  will  be  provided  at  the  Office 
of  the  Federal  Coordinator  for  Meteorological 
Services  and  Supporting  Research,  1666  Connecti- 
cut   Avenue,    N.W.,    Washington,    D.C.,     20235. 

C.  Each  member  shall  be  authorized  by  his 
Agency  to  call  upon  his  Agency  for  additional  sup- 
port to  provide  such  assistance  as  may  be  re- 
quired for  the  Task  Team  to  complete  its  as- 
signed task. 

D.  Subject  to  the  concurrence  of  the  members, 
other  Agencies  of  the  U.S.  Government,  public 
organizations  and  industry  organizations  having  a 
substantial  interest  in  specific  matters  may  be 
invited  by  the  Chairman  to  participate  in  discus- 
sions. Budgetary  information  will  not  be  dis- 
cussed during  these  occasions. 


VI.     Rules  of  Procedure 

The  following  rules  of  procedure  will  govern 
the  Task  Team: 


A.  Decisions  by  the  Task  Team  shall  be  on 
the  basis  of  agreement  by  all  members  who  are 
or  will  be  parties  to  the  actions  pursuant  to  the 
decision.  Members  may  abstain  from  participa- 
tion in  a  decision  without  prejudice  to  the  deci- 
sions of  the  other  members.  Any  member  may 
reserve  his  position  on  any  matter  pending  Agency 
clearance  or  instructions.  Decisions  may  be 
reached  in  formal  session  or  by  approval  on  an 
individual  basis  of  papers  circulated  among  the 
members  by  the  Chairman. 

B.  If  all  members  who  are  or  will  be  parties 
to  actions  pursuant  to  a  decision  are  unable  to 
reach  agreement  on  the  items,  the  opposing  views, 
fully  documented,  shall  be  forwarded  by  the 
Chairman  of  the  Task  Team,  to  the  Chairman, 
ICAMR.  Findings  of.  the  ICAMR  will  be  for- 
warded to  the  Task  Team.  If  the  Task  Team  is 
still  unable  to  reach  agreement  and  further  con- 
sideration by  the  Task  Team  and  the  ICAMR  ap- 
pears unlikely  to  resolve  the  differences,  the 
Chairman,  ICAMR,  will  forward  the  matter  to  the 
Federal  Coordinator  with  the  recommendation 
that  the  matter  be  referred  to  the  Federal  Com- 
mittee. 

C.  Items  for  consideration  by  the  Task  Team 
shall  be  presented  through  the  Chairman  of  the 
Task  Team. 

D.  Reports  of  the  Task  Team  shall  be  pre- 
pared and  disseminated  to  members  and  the 
Chairman,  ICAMR.  Complete  records  of  all  Task 
Team  activities  shall  be  maintained  in  the  Office 
of  the  Federal  Coordinator. 

E.  The  Task  Team  may  establish  additional 
rules  of  procedure  required  for  conduct  of  busi- 
ness. 

F.  Revisions  to  these  terms  of  reference  may 
be  made  by  the  ICAMR  on  the  recommendation 
of  the  Task  Team. 


APPENDIX  B 

FISCAL  YEAR   1967  R&D  PROGRAMS  DIRECTED  AT 
SUBSYNOPTIC-SCALE  METEOROLOGICAL  PROBLEMS 


Agency 
Commerce 


Navy 


Projects:    Surface  Temperatures  Agency 

Computer   forecasts   of  maximum-     Commerce 
minimum  temperatures  for  periods 
of    1-4  days.     Objective  statistical 
forecast  study  of  local  critical  tem- 
peratures for  agriculture. 

Surface  temperature  determination 

from    satellite    infrared    measure-      Commerce 

ments. 


Project:    Surface  Pressure 

Development  and  testing  of  dynamic 
and  statistical  models  to  forecast 
details  of  surface  pressure  within  a 
30-mile  radius  for  periods  up  to  1 
hour. 

Projects:   Surface  Wind 

Diagnostic  studies  of  winds  and  wind 
gusts  associated  with  severe  (con- 
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Agency 


Projects  (cont'd.) 


Agency 


Projects  (cont'd.) 


Commerce 
(cont'd.) 

Navy 


FAA 


Commerce 


Army 


Navy 


Air  Force 


NASA 


Commerce 


vective)  weather;  statistical  tech- 
niques for  forecasting  winds  i  12 
hours. 

Surface-wind  determination  over 
ocean  areas  from  satellite  observa- 
tion. 

Statistical  studies  for  short-range 
terminal  forecasts  of  winds  for 
periods  <  12  hours,  correlated  to 
numerical    boundary-layer  models. 

Projects:    Wind,  Temperature 
and  Moisture  Profiles 

Doppler-radar  wind  direction  (all- 
weather);  severe  (convective)  storm 
description  of  profile  elements  using 
radar  techniques;  profiles  related 
to  clear  air  turbulence  areas;  Phil- 
adelphia and  Washington,  D.C. 
tower-data  input  to  local  forecast- 
ing; statistical  prediction  of  extreme 
events;  satellite  detection  of  meso- 
scale  systems  and  relation  to  stand- 
ard synoptic  network  data;  tem- 
perature-profile determination 
from  satellite;  use  of  CO  2  absorp- 
tion to  determine  profiles  from  sat- 
ellite; infrared  spectrometry  for 
temperature  profile  detection  above 
tropopause  by  satellite,, 

Ballistic-wind  studies  in  mountain- 
ous terrain.  Test  and  development 
of  automatic  sounding  system  for 
field  artillery. 

Diagnostic  studies  involving  air- 
craft probing  in  vicinity  of  jet- 
stream. 

Application  of  satellite  observations 
and  measurements  for  cloud  predic- 
tion; studies  of  low-level  profiles 
related  to  warm  fog  formation. 

High-altitude  wind  profile  determi- 
nation using  rocket-chaff  tech- 
niques; wind-profile  determination 
from  rocket-smoke  trails. 

Projects:    Clouds 

Ground-based  parameters,  sferics, 
radar  correlations  to  describe  se- 
vere (convective)  cloud  formations; 
objective  and  statistical  studies  of 
local  short-period  forecasts  of  low 
ceilings  and  restricted  visibility; 
convective,  orographic  and  diurnal 
effects  on  cloud  descriptions  from 


Commerce 
(cont'd.) 

Navy 


Air    Force 


FAA 


Commerce 


Navy 


Commerce 


Navy 


Air  Force 


FAA 


Commerce 


FAA 


satellite  observations;  cloud  top 
height  determination  from  02  "A" 
band  detection  via  satellite. 

Satellite  observation  techniques  ap- 
plicable to  marine  forecasts  of  12- 
24  hours. 

Satellite  application  to  cloud  pre- 
diction, particularly  for  remote 
areas. 

Statistical  studies  for  short-range 
terminal    forecasts    (112    hours). 


Projects:   Precipitation 

Convective- storm  precipitation  de- 
scription by  Doppler-,  X-,  S-band 
radar;  sferics  and  radar  correla- 
tions; objective  forecast  studies; 
dynamic  description  of  precipitation 
mechanisms  in  severe  storms;  tech- 
niques for  predicting  precipitation 
associated  with  severe  storms;  crit- 
ical precipitation  forecast  studies 
for  agriculture;  numerical  (50-mile 
grid)  model  studies  for  forecasting 
precipitation  (118  hours). 


Marine    forecasts  of 
utilizing  satellite. 


precipitation 


Projects:    Visibility 

Objective  forecast  studies  of  local 
restricted  visibilities;  statis- 
tical studies  to  predict  restricted 
visibilities. 

Statistical  studies  to  relate  atmos- 
pheric electricity  to  fog  formation 
and  dissipation. 

Diagnostic  studies  of  warm  fog,  rel- 
ative to  its  dissipation  by  weather 
modification  techniques. 

Statistical  studies  of  short-range 
terminal  forecasts  (112  hours), 
as  related  to  temperature,  humidity, 
and  wind,  computed  from  numerical 
boundary-layer  models. 


Projects:    Free- Air  Icing 

Diagnostic  studies  of  free-air  icing 
associated  with  convective  storms. 

Effects    of   free-air    icing   on   air- 
traffic -control  operations. 
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Agency         Projects:   Air  Pollution  Potential 

Commerce  Determination  of  maximum  mixing 
depths  and  ventilation  at  radiosonde 
sites, 

HEW  Improvement  of  national  air  pollu- 

tion potential  forecasts;  develop- 
ment and  testing  of  transport  and 
diffusion  models  for  urban  areas; 
studies  to  relate  air  quality  to  mete- 
orological parameters;  wind  study 
in  Central  California  Valley  for 
agriculture;  air  pollution  model 
study  for  Great  Lakes  area;  nu- 
merical model  of  air  pollution  po- 
tential for  short-range  testing  in 
New  York  City. 

Projects:    Transport  and  Diffusion 

AEC  Studies    to    improve    forecasts    of 

transport  and  diffusion  of  airborne 
radioactive  material  for  periods  of 
several  hours  to  distances  of  tens  of 
miles  in  support  of  nuclear  reactor 
operations;  support  to  operations 
at  Nevada  Test  Site. 

Commerce  Doppler-radar  techniques  for  esti- 
mating transport  and  diffusion;  fore- 
casting support  to  Oak  Ridge  Na- 
tional Laboratory. 

HEW  Development    and    testing   of  urban 

transport  and  diffusion  models;  test- 
ing and  verification  of  plume-rise 
from  large  power  plants;  correla- 
tions between  air  quality  and  mete- 
orological condition;  diagnostic 
study  of  transport  and  diffusion  in 
marine  layer  off  southern  California 
coast;  studies  to  improve  forecasts 
of  wind  patterns  in  the  Central  Cal- 
ifornia Valley;  tests  of  models  of 
lake  breeze  effects  on  urban  pollu- 
tion in  Great  Lakes  area. 


Agency 


AEC 


HEW 


Commerce 


Commerce 


Navy 


FAA 


Projects:    Deposition  and 

Scavenging 

Test  and  verification  of  models  to 
forecast  the  washout  of  radioactive 
debris;  studies  to  correlate  depo- 
sition processes  to  meteorology  at 
AEC  installations;  objective  and 
statistical  tracer  experiments  to 
improve  forecasts  of  deposition 
factors  at  reactor  sites. 

Determination  of  deposition  rates 
from  large  power  plant  plumes 
(S02);  precipitation  chemistry  anal- 
ysis in  urban  air  for  qualitative  as- 
sessment of  precipitation  as  a  scav- 
enging agent  of  air  pollutants. 

Project:    Fire-  Weather  Index 

Studies  to  improve  techniques  of 
forecasting  fire-weather  parame- 
ters from  synoptic  and  radar  data. 


Projects:   Severe  (Convective) 
Weather 

Diagnostic  and  statistical  studies 
involving  correlations  of  Doppler 
radar,  WSR-57  radar,  sferics  and 
surface  meteorological  parameters 
to  severe  storms;  three-dimension- 
analyses  of  severe  storms;  use  of 
satellites  to  perfect  detection  tech- 
niques and  to  assess  orographic 
effects  on  severe  weather  systems. 

Improvement  of  detection  by  satel- 
lites of  severe  weather  over  re- 
mote ocean  areas. 

Severe-weather  effects  on  air-traf- 
fic-control operations;  correlations 
of  radar  reflectivity  changes  caused 
by   hail,    lightning   and    turbulence. 
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APPENDIX  C 

ESTIMATED  EXPENDITURES  FOR  APPLIED  RESEARCH  AND  DEVELOPMENT 
ON  SUBSYNOPTIC-SCALE  METEOROLOGICAL  PROBLEMS 
BY  PARTICIPATING  AGENCIES  (FY-67) 


Sub  synoptic- Scale  Problems  Estimated  Cost 

A.  Basic  Meteorological  Elements: 

1 .  Surface  temperature $ 43 ,000 

2.  Surface  pressure 30,000 

3.  Surface  wind 186,000 

4.  Vertical  profiles  of  wind,  temperature,  and 

moisture 628,000 

B.  Weather  Manifestations: 

1.  Clouds 380,000 

2.  Precipitation 269,000 

3.  Visibility 206,000 

4.  Free-air  icing 78,000 

C.  Complex  Weather  Criteria: 

1.  Air  pollution  potential 215,000 

2.  Transport  and  diffusion 679,000 

3.  Deposition  and  scavenging 190,000 

4.  Fire  weather 10,000 

D.  Severe  (Convective)  Weather 635,000 


Total 3,549,000 


APPENDIX  D 

SOME  DETAILS  PERTINENT  TO  CURRENT  EXPERIMENTAL 
BOUNDARY-LAYER  MODELS 


I.    Gerrity  Model13  2.  Pressure    gradient    from    an    independent 

.      ,  prediction    scheme    at    the    2   km.    level; 

P  e.g..  from  the  NMC  model. 


1.  Normally  available  radiosonde  and  surface 
data. 


B.    Output 


13- 


1.  Vertical  profiles  of  u,  v,  T,  and  specific 
moist 
one  Y 
30  minutes  for  a  12-hour  forecast  using  15-minutetime  steps.  rain. 


,T^Gfn«yffm!delchas  boen  p*ogri^  and  °"f  rm?  moisture  at  each  grid  point  (grid  interval 

completed  at  Offutt  Air  Force  Base  for  the  Eastern  United  ,    ,.      ,   vTAT^,N  °  n  i  , 

States.     Ten  vertical  levels  are  being  used.    Running  time  is  one   half  Of   NMC)   up   to    2   km.  above  ter- 
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2.  Time  sections  of  profiles  at  selected  grid 
pointSo 

3.  Low  cloudiness  and  precipitation  forecast. 


II.    Pandolfo  Model14 


A.    Input 


1.  Pressure  gradient  and  pressure  from  an 
independent  prediction  scheme  at  2  km. 
level;  e.g.,  from  the  NMC  model. 


14 The  Pandolfo  model  is  being  programed  at  TRC  for 
test  at  NAFEC  by  March  1967.  Data  for  input  will  be  inter- 
polated from  available  soundings  and  also  built-up  from 
surface  observations.  The  ideal  use  for  the  Pandolfo  model 
will  be  at  major  terminals  where  justification  might  be  made 
for  real-time  input  soundings  from  several  sites  within  25 
miles  on  4  to  6  lines  radiating  from  the  terminal.  Professor 
William  Clayton  of  Texas  A&M  has  developed  models  similar 
to  that  of  Pandolfo. 


2.  Lateral  boundary  conditions  from  inde- 
pendent prediction  scheme;  e.g.,  from  the 
Gerrity  model. 

3.  Vertical  soundings  (wind,  temperature, 
moisture,  pressure-height)  to  2  km.  at 
about  the  horizontal  spacing  of  surface  ob- 
servation. 

B.    Output 

Terminal  profile  of  u,  v,  T,  and  specific  mois- 
ture from  16  levels  in  the  vertical  up  to  2  km. 


APPENDIX  E 

DATA-ACQUISITION  PROGRAMS 


I.    Boundary-Layer  Profiles 

For  the  measurement  of  quantities  pertinent  to 
the  study  of  boundary-layer  profiles,  the  system 
illustrated    in   figure    E-l    is    recommended    as 
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Figure    E-l.— Proposed    Movable    Observational    System  for 
Boundary  Layer  Profiles 


being  possible  though  not  unique.  The  system, 
details  of  which  are  given  below,  represents  a 
compromise.  It  lies  somewhere  between  alogis- 
tically  and  economically  feasible  system  as  op- 
posed to  a  system  which  appears  to  be  suitable 
for  delineating  the  mesoscale  structure  of  the 
atmosphere.  It  features  variable  spacing  between 
stations  designed  to  provide  three  measurements 
for  wavelengths  ranging  between  2  and  54  kilo- 
meters. 

While  the  variable  spacing  is  a  desirable  fea- 
ture of  the  system,  other  sets  of  distances  between 
stations  could  be  considered.  However,  it  is 
essential  that  any  eventual  system  insure  that 
the  space  resolution  is  matched  by  the  time  reso- 
lution as  represented  by  the  frequency  and  manner 
of  averaging  of  the  measurements.  In  addition, 
consideration  should  be  given  to  the  possibility 
of  providing  for  continuous  measurements  in  the 
high-resolution  part  of  the  system. 

While  the  program  of  observations  detailed 
below  is  specifically  addressed  to  the  problem 
of  low-level  profiles,  it  could  be  profitably 
extended  to  include  additional  measurements 
which  have  a  bearing  on  other  subsynoptic- scale 
problems. 

The  proposed  program  is  eminently  capable 
of  providing  a  basis  for  the  research  proposed 
for  studying  the  structure  and  variability  of  mes- 
oscale systems.  It  will  also  allow  partial  testing 
of  forecasting  models  along  the  lines  proposed  in 
section  6.3.2.2.b.  The  mobility  of  the  system  al- 
so allows  modification  in  the  configuration  of  sta- 
tions. It  is  proposed  that,  at  a  later  date,  in  the 
light  of  results  from  the  studies  proposed  in  sec- 
tion   6.3.3.2,    consideration    should    be    given    to 
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other  configurations,  including  a  square  grid 
which  is  especially  suitable  for  improving  fore- 
casting models  and  for  adapting  these  models  to 
daily  operations. 

Two  types  of  measurements  are  required:  (a) 
The  principal  profile  elements  consisting  of 
wind,  temperature  and  humidity,  and  (b)  the  aux- 
iliary measurements  which  are  considered  es- 
sential or  useful  in  forecasting  the  principal  ele- 
ments. 

A.    Principal  Elements 

1.  Horizontal  Resolution 

It  is  proposed  that  the  principal  elements 
of  wind,  temperature,  and  humidity  be 
measured  along  two  lines  with  a  common 
origin.  On  each  line  the  distance  of  suc- 
cessive stations  from  the  origin  station 
would  be  1,  2,  3,  4,  5,  6, 12,  18,  36,  54,  and 
108  km— a  total  of  23  stations.  This  spac- 
ing would  provide  at  least  three  values  for 
averaging  over  a  range  of  1  to  54  km.  For 
convenience  the  lines  of  stations  are  shown 
normal  to  each  other  in  figure  E-l,  al- 
though this  is  not  a  requirement.  The 
recommended  grid  is  not  unique  and  other 
configurations  may  be  considered. 

2.  Vertical  Resolution 

Measurements  are  recommended  at  10,  50, 
100,  200,  300,  600,  900,  1200  and  1500  me- 
ters above  the  surface. 

3.  Terminal  Resolution 

Measurements  at  600  meters  and  below 
should  be  made  at  intervals  not  greater  than 
10  minutes;  above  600  meters,  at  intervals 
not  greater  than  20  minutes.  The  system 
should  be  capable  of  providing  continuous 
measurements  for  short  periods  in  the 
high  resolution  portion  of  the  grid. 

4.  Accuracy  Required 

Measurements  should  have  the  following 
currently  attainable  accuracy: 

Temperature  ±0.1  °C. 
Wind  speed  +0.5  m.p.s. 
Wind  direction  +5  degrees 
Moisture  +5%  (10% <  R.H.<95%)15 

5.  Equipment 

It  is  proposed  that  observations  at  10  me- 
ters be  obtained  by  means  of  small  movable 
masts.  Those  between  50  and  600  meters 
would  be  obtained  by  attaching  radiosonde 


Further  sensor  research  and  development  are  needed 
in  the  crucial  range  above  95%. 


sensor  elements  and  anemometers  to  teth- 
ered airfoils  or  balloons,  equipped  with 
suitable  transmission  facilities.  For 
heights  above  600  meters,  (900,  1200  and 
1500  meters)  a  modified  rawinsonde  with 
slower  ascension  rates  would  be  suitable. 

B.    Auxiliary  Measurements 

In  addition  to  the  above  principal  elements 
the  following  measurements  should  be  made 
at    the    locations    specified    in   figure    E-l. 

Standard  meteorological  surface  observations 

Solar  and  net  radiation 

Soil  temperature  and  moisture 

Rawinsonde 

Cloud  photography 

Radar  observations 


II.  Clouds  and  Precipitation 

A.  The  data-acquisition  program  pertinent  to  this 
research  effort  should  be  consistent  with  that 
established  for  the  boundary-layer  profile. 
Indeed,  serious  consideration  should  be  given 
to  implementing  portions  of  the  cloud  and 
precipitation  data-acquisition  program  simul- 
taneously with  the  boundary-layer  effort  for 
economy  and  to  ensure  proper  integration  of 
the  research  efforts  in  these  two  highly  in- 
terrelated areas. 

B.  The  data  to  be  acquired  in  the  Mesoscale 
Description  Research  described  in  section 
7.3.2.1  will  consist  mainly  of  surface  and  up- 
per -air  observations  at  space  intervals  of  25 
to  50  miles  over  one  or  more  areas  of  size 
from  200  by  500  miles  to  400  by  1000  miles 
and  at  time  intervals  of  every  45  to  90  minutes 
for  periods  of  24  to  36  hours.  These  data 
will  be  supplemented  by  information  from 
weather  radars,  satellites,  and  aircraft  recon- 
naissance. 

C.  The  data  to  be  acquired  in  the  Extended  Test 
Research  described  in  section  7.3.2.4  will  be 
similar  in  form  to  that  of  the  Mesoscale  De- 
scription Research  but  vastly  greater  in 
amount.  These  data  should  be  handled  and 
archived  in  the  same  manner  as  the  earlier 
experiments.  In  addition,  the  data  should  be 
"packaged"  according  to  the  various  7-  to 
10-day  period  of  experiments.  This  packag- 
ing will  help  in  the  event  the  research  effort 
is  divided  among  Agencies,  contractors  and 
other  interested  groups. 


III.    Air  Pollution  Problems 
A.    Urban    Ventilation,    Transport    and  Diffusion 

The    following  measurements  are  necessary 
or  desirable: 
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lo  Measurement  of  wind,  temperature  and 
moisture  profiles. 

2.  The  vertical  component  of  the  wind  as  in- 
ferred from  vertical  temperature  gradient 
measurements  or  from  bivanes  placed  on 
existing  towers  or  fastened  to  tethered 
systems. 

3.  Measurements  taken  throughout  the  met- 
ropolitan area  and  extending  to  rural  sites. 

4.  Measurements  provided  by  the  meteoro- 
logical instrumentation  of  at  least  one  ex- 
isting tower  in  the  urban  area  would  be 
useful  for  comparative  purposes. 

5.  A  series  of  6  experiments  of  tracer  (e.g. 
SF6)  releases  conducted  for  durations  of 
about  30  minutes  to  an  hour  under  selected 
weather  conditions.  The  tracer  should 
be  sampled  at  several  arcs  downwind  of 
the  release  site  over  a  period  sufficient 
to  measure  the  entire  dosage  of  the  re- 
lease. Plume  sampling  in  the  vertical 
can  be  achieved  by  attaching  sampling 
equipment  to  tethersondes  or  by  aircraft 
probing.  One  sampling  arc  should  be  in 
the  rural  area  outside  the  metropolitan 
complex;  the  other  should  sample  suburban 
and  downtown  areas. 

6.  A  tetroon  could  be  released  from  the  tracer 
site  and  tracked  with  radar  to  provide 
dispersion  and  transport  data. 

B.  Interurban  Transport  and  Diffusion 

This  program  could  be  phased  with  the  Urban 
Study,  which  will  help  establish  the  data- 
acquisition  program  that  is  required  to  un- 
dertake a  larger- scale  effort. 

C.  Deposition 

The  utilization  of  simplified  gas  and  particu- 
late sampling  techniques,  suitable  for  auto- 
mation and  remote  unattended  operation,  may 
require  some  developmental  work. 

In  general,  the  various  phases  of  this  project 
can  be  integrated  with  the  research  efforts 
of  a  Federal  Plan.  For  example,  the  washout 
and  rainout  studies,  particularly  involving 
convective  storms,  could  be  conducted  under 
the  auspices  of  the  Severe  Weather  Program. 
The  studies  involving  dry  deposition  and 
scavenging  may  be  an  integral  part  of  the 
Agricultural-Forestry  Project,  while  the  var- 
ious projects  involving  atmospheric  scaveng- 
ing and  washout  in  urban  atmospheres  could 
become  part  of  the  Air  Pollution  and  Trans- 
port and  Diffusions  Projects. 

1.  Washout  and  Rainout 

The  following  procedure  is  recommended: 


a.  Release  of  a  measured  quantity  of  trac- 
er into  the  cloud  (rainout)  or  into  the 
air  (washout). 

b.  Measurements  (e.g.,  grab  samples)  of 
tracer  concentration  in  air  and  precip- 
itation as  a  function  of  height  by  use  of 
airplane  traverse  through  the  plume  or 
by  means  of  samplers  attached  to  Pro- 
file Project  tethersondes;  for  rainout 
studies,  concentration  measurements 
within  clouds  are  required. 

c.  Collection  of  the  precipitation  at  the 
ground  and  measurement  of  precipita- 
tion rates. 

d.  Measurement  of  wind,  temperature  and 
moisture  profiles  by  means  of  a  teth- 
ered system. 

2.  Dry  Deposition 

The  following  experiments  are  recom- 
mended to  calculate  deposition  rate  as  a 
function  of  particle  size,  surface  media 
and  meteorological  conditions: 

a.  Release  of  fluorescent  tracers  at  ground 
level  to  heights  representative  of  pes- 
ticide aerial  release  (<  50  meters)  under 
various  weather  conditions.  Releases 
at  heights  50-300  meters  would  be  re- 
quired to  represent  large  power  plant 
releases.  The  use  of  various  pesti- 
cides as  a  tracer  is  recommended. 
The  size  of  tracers  released  should  be 
varied  to  determine  optimum  dispersal 
techniques.  Both  artificial  and  natural 
deposition    detectors    should    be    used. 

b.  Conduct  experiments  over  low  foliage, 
orchards,  and  forests. 

c.  Measurement  of  wind,  temperature  and 
moisture  profiles  within  canopy  and  to 
heights  of  at  least  300  meters  above 
ground. 

D.    Atmospheric  Physics 

1.  Solar  and  Terrestrial  Radiation 

The  following  measurements  are  needed: 

a.  Measurements  of  atmospheric  turbidity 
at  various  levels  with  sun  photometers 
over  an  urban-rural  area. 

b.  Measurements  of  surface  radiation  to 
derive  solar,  net  and  total  radiation  val- 
ues. 

c.  Measurements  of  ultraviolet  and  infra- 
red radiation  at  surface. 

d„  Measurements  of  boundary-layer  pro- 
files of  wind,  temperature  and  moisture. 

e.  Measurements  of  ozone  concentration, 
dust  and  aerosol  loadings  at  various 
heights  by  means  of  grab  samples  at- 
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tached    to    tethered  system  or  by  air- 
craft sampling. 

The  above  measurements  may  be  used 
to: 

(1)  Determine  dust  and  aerosol  loading 
and  vertical  distribution  of  urban 
pollution  envelope  and  how  they  are 
related  to  (a)  meteorology  (air  pol- 
lution potential  parameters)  and  to 
(b)  the  transmission  of  radiant  en- 
ergy over  a  spectrum  of  wave- 
lengths, 

(2)  Determine  relationship  of  atmos- 
pheric turbidity  to  the  intensity  of 
solar  radiation  received  at  the  sur- 
face. 

(3)  Determine  correlations  of  surface 
radiation,  turbidity  and  ozone  con- 
centration to  describe  photochemi- 
cal smog  formation. 

(4)  Assess  urban-rural  differences. 

2.   Atmospheric  Electricity 

The  following  measurements  are  recom- 
mended: 

a.  Measurement  of  electric  field  potential 
in  an  urban-rural  environment. 

b.  Measure  conductivity  together  with  aer- 
osol and  dust  loadings  described  under 
l.a.(l),  above. 

The  above  measurements  may  be  used 
to: 

1.  Determine  correlation  between  at- 
mospheric electricity  and  meteorol- 
ogy. 


2.  Determine  correlation  between  con- 
ductivity and  air  pollutant  concentra- 
tion in  an  attempt  to  use  conduc- 
tivity as  an  index  of  air  pollutant 
loading  in  the  atmosphere. 


IV.    Agriculture  and  Forestry 

The  unique  feature  of  the  research  efforts  of 
the  Agricultural-Forestry  Prospectus  is  the  wide 
variation  of  complicated  surface  boundary  condi- 
tions (terrain  and  canopy)  over  which  the  experi- 
ments are  to  be  conducted.  This  may  impose 
more  severe  logistic  requirements  for  some 
experiments  and  accordingly  higher  costs  for  a 
smaller  data -gathering  effort  may  result. 

The  following  data-acquisition  program  is  pro- 
posed: 


A.  The  deployment  of  150  (used  in  Deposition 
Project)  recording  precipitation  gages  to  sup- 
plement an  existing  network  over  a  1000 
sq.  km.  area. 

B.  Measurement  of  wind,  temperature  and  mois- 
ture profiles  (using  tethersonde  systems)  in 
areas  of  (1)  prescribed  burns,  (2)  in  moun- 
tain-valley regions  of  varying  local  relief, 
and  (3)  over  various  canopies. 

C.  Use  tracer  and  pesticide/insecticide  releases 
to  assess  transport,  diffusion  and  deposition 
under  conditions  in  paragraphs  A  and  B  above. 

D.  Measurement  of  deposition  on  ground  and 
within  canopy,  using  both  natural  and  arti- 
ficial detectors. 


APPENDIX   F 

LOCALES  FOR  FIELD  EXPERIMENTS 


I.    Boundary- Layer  Profiles  Project 

It  is  recommended  that  the  field  experiments 
appropriate  to  this  area  be  focused  in  two  loca- 
tions: 

A.  Around  the  mesonet  facilities  of  the  National 
Severe  Storms  Laboratory  (NSSL)  at  Norman, 
Oklahoma,  as  augmented  by  the  movable  data- 
acquisition  system  proposed  in  appendix  E. 
This  site  would  be  conveniently  suitable  for 
acquiring  the  data  in  connection  with  the 
studies  described  in  section  6.3.2.2. 


B.  Around  the  National  Aviation  Facilities  Ex- 
perimental Center  (NAFEC)  at  Atlantic  City. 
This  site  would  be  most  suitable  for  the  re- 
search program  described  in  section  6.3.2.1. 

II.    Air  Pollution  Problems 

It  is  recommended  that  the  initial  field  exper- 
iments be  conducted  in  an  urban  environment. 
An  inland  city  of  minor  topographic  features 
would  seem  a  logical  first  choice.  Columbus 
( Ohio) ,  Indianapolis,  Omaha,  St.  Louis,  and  Dallas- 
Fort  Worth  would  represent  likely  urban  sites. 
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The    interurban    transportation   and   diffusion 
studies    should    take    advantage    of   the  abundant 
resources    available  in  the  eastern  megalopolis 
from  Washington,  D.C.,  to  Boston.  The  subsynop- 
tic- scale  studies  involving  downwind  distances  to 
about  100  km.  could  utilize  segments  of  this  vast 
megalopolis    for   particular    efforts    oriented    to 
take  advantage  of  unique  geographic  features  of 
each    segment.       For  example,  the  Washington- 
Baltimore  segment  would  be  suitable  for  urban- 
rural  and  harbor  effects.    The  New  York- Atlantic 
City    segment,  involving  the  NAFEC  resources, 
seems  appropriate  for  a  study  of  maritime  and 
urban  surface  boundary  effects  on  transport  and      o 
diffusion.     Central  New  Jersey  may  be  favorable 
for  those  aspects  of  the  project  which  are  of  par- 
ticular importance  to  agricultural  interests.    In 
addition,  the  Delaware  Breakwater  off  Cape  May, 
New    Jersey,    offers  a  unique  area  for  studying 
transport   and  diffusion  processes  over  varying 
land-water  geometries.     Such  studies  may  be  of 
particular    concern    to   marine    facilities    which 
utilize  nuclear  power  plants. 

Initial  rainout  and  washout  studies  as  well  as 
dry  deposition  studies  are  recommended  to  be  A. 
conducted  simultaneously  with  the  Boundary- 
Layer  Profile  Project  in  Oklahoma.  Later  meas- 
urements can  be  obtained  in  urban-rural  areas 
selected  for  the  Air  Pollution  Potential  studies. 

In  addition  to  deposition  measurements  in 
Oklahoma,  additional  measurements  over  various 
surfaces  and  canopies  in  the  New  Jersey  agricul- 
tural belt  during  the  experiments  on  air  pollution 
potential  in  that  region  are  recommended.  For 
radioactive  or  obnoxious  tracers,  where  contam-  B. 
ination  to  the  public  may  be  a  problem,  more  re- 
mote areas  are  desired.  For  these  experiments, 
the  facilities  at  Battelle  Northwest  Laboratory  in 
the  State  of  Washington  and  at  the  National  Reac- 
tor Testing  Station  in  Idaho  may  be  considered. 

For  studies  involving  the  use  of  pesticides  or 
insecticides,  those  areas  involved  in  the  National 
Agricultural  Weather  Service  Program  are  rec- 
ommended as  experimental  sites.  Each  of  these 
sites  represents  a  unique  geographical  or  clim- 
atological  feature  of  interest,  relative  to  deposi- 
tion or  scavenging. 

III.    Clouds  and  Precipitation  Project 
A.    Mesoscale  Description  Studies 

1.  The  Mesoscale  Description  Research  de-  C. 
scribed  in  section  7.3.2.1  should  be  con- 
ducted in  locales  where  the  various  cloud 
and  precipitation  phenomena  of  interest 
occur  and  can  be  examined.  Two  areas 
which  seem  well  suited  for  this  type  of 
experiment  are  the  Midwest  and  the  Atlan-  D. 
tic  Coastal  region  from  the  Carolinas  to 
New  England. 

2.  The    Midwest   provides    relatively  simple 
terrain  and  cloud-precipitation  occurrence 
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of  great  interest,  especially  those  of  con- 
vective  and  frontal  character.  Experiments 
in  this  area  should  take  advantage  of  the 
NSSL  facilities;  this  area  is  recommended 
for  the  initial  field  experiments.  The 
Atlantic  coastal  region  provides  complex- 
ities of  the  land- sea  interface  and  the 
rough  terrain  of  the  Appalachian  Moun- 
tains. This  area  also  favors  certain  in- 
teresting storm  development  phenomena 
which,  if  better  understood  and  forecast, 
would  have  considerable  economic  impor- 
tance. 

Numerical  Prediction  Models 

There  is  much  in  common  between  these 
experiments  and  those  related  to  boundary- 
layer  profiles.  Therefore,  the  same  sites, 
namely,  the  NSSL  and  NAFEC  facilities, 
should  be  utilized  in  developing  and  testing 
numerical  models  for  predicting  clouds  and 
precipitation. 

IV.    Agriculture-Forestry  Project 

The  projects  designed  to  improve  the  fore- 
casting of  low-level  inversions  in  rugged  ter- 
rain, as  well  as  attempts  to  describe  the  in- 
terrelationships between  forest  fire  and 
weather  conditions,  can  be  carried  out  in  the 
Rocky  Mountain  areas.  These  programs  may 
be  directed  from  the  U.S.  Forest  Service  fire 
research  laboratories  at  Riverside,  Califor- 
nia, Missoula,  Montana,  and  Fort  Collins, 
Colorado. 

For  similar  studies  in  less  rugged  terrain, 
the  fire  research  laboratory  at  Macon,  Geor- 
gia, is  a  likely  headquarters  site.  The  spe- 
cialized agricultural  experiment  stations  in 
New  Jersey,  the  area  from  northern  Virginia 
to  southern  Pennsylvania,  South  Carolina,  the 
tristate  area  of  Georgia,  southeast  Alabama, 
and  northwest  Florida,  the  Midsouth  (northern 
Mississippi,  western  Tennessee,  Arkansas, 
Louisiana  delta  and  Missouri  bootheel  area), 
Lower  Rio  Grande  Valley  in  South  Texas, 
Western  Lower  Michigan,  Southern  Idaho,  and 
Oregon  each  offer  unique  geographic -climatic 
features  as  locale  considerations  for  various 
research  efforts  directed  toward  improving 
meteorological  services  for  agricultural -for- 
estry users. 

For  projects  involving  a  dense  precipitation 
collection  network  the  agricultural  network 
in  central  Oklahoma  can  be  supplemented  with 
additional  stations.  The  precipitation  net- 
works in  Illinois  may  also  provide  sites  for 
special  experiments. 

Studies  of  severe  weather,  particularly  those 
that  assess  lightning  intensity  and  the  capa- 
bilities of  refining  radar  detection  techniques, 
can  be  initially  carried  out  in  Oklahoma, 
utilizing  the  facilities  of  NSSL. 


APPENDIX  G 

THE  ROLE  OF  SATELLITES 


Meteorological  satellite  data  are  now  being- 
used  routinely  in  the  analysis  and  forecasting  of 
macroscale  meteorological  phenomena.  Their 
widespread  use  has  been  made  possible  by  the 
recent  activities  of  operational  satellites  which 
are  providing  data  on  a  continuing  and  regular 
basis.  This,  in  turn,  allows  for  consistent  in- 
terpretation and  for  verification  of  these  inter- 
pretations. 

A.  Synoptic -Scale  Applications 

Large-scale  cloud  patterns  and  cloud  dis- 
tribution observed  in  satellite  pictures  are 
used  to  identify  the  positions  of  fronts,  ridges, 
troughs,  vortices,  jetstreams,  etc.  The  ap- 
pearance of  the  clouds  reveals  something  of 
the  nature  and  intensity  of  the  system  with 
which  they  are  associated.  Satellite  meteor- 
ologists have  determined  that  the  most  im- 
portant observed  characteristics  of  clouds 
are  their  brightness,  pattern,  structure,  tex- 
ture, shape,  and  size.  These  characteristics 
can  be  used  to  identify  the  type  of  cloud,  to 
detect  the  presence  of  cloud  layers  of  dif- 
ferent height,  and  to  infer  the  temperature, 
wind,  and  stability  structures  in  the  atmos- 
phere. They  can  be  used  to  diagnose  the  stage 
of  development  of  storms  and  tropical  cy- 
clones. The  ability  to  interpret  these  cloud 
characteristics  has  proved  useful  in  macro- 
scale  analysis  and  prediction.  This  ability 
will  improve  as  the  satellite  picture  availa- 
bility improves  and  as  experience  is  gained. 

Until  very  recently,  most  of  the  develop- 
ments in  the  use  of  satellite  pictures  have 
been  aimed  primarily  at  macroscale  features, 
both  because  the  picture  resolution  has  been 
more  amenable  to  macroscale  analysis,  and 
because  it  was  very  seldom  that  more  than 
one  picture  of  the  same  small  area  was 
available  over  periods  of  a  few  hours.  Even 
today,  the  most  we  are  able  to  do  in  this 
respect  is  three  successive  pictures,  each 
about  90  minutes  apart.  Under  optimum  con- 
ditions such  a  sequence  can  be  accomplished 
twice  a  day,  in  daylight  hours. 

B.  Current  Mesoscale  Applications 

The  use  of  satellite  pictures  in  subsynoptic- 
scale  meteorology  has  been  envisioned  since 
the  inception  of  weather  satellites,  but  this 
has  only  become  widely  recognized  and  par- 
tially realized  since  the  advent  of  the  APT- 
type  satellite.  As  video  data  from  satellites 
improve  and  as  more  data  are  obtained  on  a 
more  frequent  and  continuous  basis,  the  me- 


teorologist will  better  appreciate  the  advan- 
tages that  such  pictures  provide  in  the  anal- 
ysis and  interpretation  of  mesoscale  mete- 
orological phenomena.  For  example,  satellite 
pictures  have  recorded  "fingers"  of  moisture 
in  the  atmospheric  flow  which  are  only  30-50 
miles  in  width.  These  are  not  normally  ob- 
served by  our  synoptic  scale  network.  The 
mesometeorologist  will  certainly  want  to  de- 
tect and  follow  such  intrusions  within  his 
region. 

The  satellite  can  help  make  needed  infer- 
ences (and  eventually,  even  measurements) 
of  precipitation  amounts,  and  especially  de- 
lineate areas  of  precipitation  maxima  or 
detect  a  relatively  isolated  event.  Cloud 
movements  can  provide  detailed  information 
on  mesoscale  patterns  of  windflow  otherwise 
not  available.  The  mesoscale  effects  of 
terrain  on  a  given  windflow  can  be  observed 
in  satellite  pictures  and  could  be  reliably 
forecast  if  pictures  of  optimum  resolution 
were  available  on  a  regular  basis.  Such  ob- 
served terrain  effects  frequently  are  accom- 
panied by  large  areas  of  convergence  and  di- 
vergence. Weather  satellites  can  similarly 
observe  and  contribute  to  an  understanding 
of  the  solar  heating  effects  at  the  surface. 
Together,  these  heating  and  frictional  effects 
have  a  tremendous  influence  on  mesoscale 
phenomena. 

Over  water  areas,  the  change  in  size  of 
sun  glint  from  picture  to  picture  is  an  indi- 
cator of  the  state  of  the  sea.  This  in  turn 
makes  it  possible  to  infer  characteristics  of 
the  low-level  winds.  The  satellite  can  pro- 
vide pictorial  information  on  river,  lake,  and 
coastal  ice  and  on  river  flood  stage  which  are 
important  considerations  to  the  mesometeor- 
ologist. The  changes  in  flood  and  ice  condi- 
tions which  can  be  detected  from  sequential 
pictures  are  especially  important  to  him  and  to 
his  customers.  These  and  many  other  meso- 
scale applications  of  satellite  data  await  a 
fuller  exploitation. 

It  is  therefore  quite  appropriate  that  wea- 
ther satellites  which  are  capable  of  observing 
mesoscale  phenomena  be  used  extensively  as 
tools  in  subsynoptic-scale  research.  Such 
uses  of  satellites  have  been  proposed  in  the 
cloud-precipitation  and  severe  weather  re- 
search prospecti  of  this  report. 

C.    Research  Required 

The  interpretation  of  satellite  data  and  the 
applications  of  these  data  to  a  wide  range  of 
subsynoptic-scale  problems  are  fertile  fields 
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for  continuing  research.  This  is  especially 
true  as  new  and  improved  sensors  are  de- 
veloped and  made  operational,  and  as  the 
observation  frequency  increases  to  that  of 
a  potential  "continuous  watch."  As  instru- 
ments are  developed  for  observing  and  meas- 
uring in  the  ultraviolet,  infrared,  millimeter, 
and  microwave  bands,  research  is  necessary 
to  apply  these  data  to  gain  a  more  complete 
knowledge  of  the  temperature  structure  and 
moisture  distribution  in  the  whole  atmosphere 
on  a  global  basis,,  Other  instrumentation  is 
being  developed  which  will  provide  measure- 
ments of  upper  winds  over  remote  regions. 
Today,  such  developments  are  being  pursued 
to  assist  in  improving  synoptic-scale  analy- 
ses, but  the  ultimate  application  of  such  in- 
formation to  mesoscale  observation  and  pre- 
diction is  obvious. 

D.    Future  Mesoscale  Applications 

The  role  of  the  satellite  in  mesometeor- 
ology  will  become  more  apparent  and  more 
widely  recognized  when  and  if  the  meteorol- 
ogists are  provided  with  regular  observations 
on  a  resolution  and  time  scale  consistent 
with  the  size  and  life  cycle  of  mesometeor- 
ological  systems.  Today,  this  does  not  ap- 
pear to  be  economically  feasible  with  the 
polar  orbiting  satellite.  However,  a  system 
of  synchronous-altitude  satellites  offers  the 
opportunity  to  obtain  more-or-less  continuous 
observation   of   most    sectors    of   the    globe. 

The  importance  of  synchronous  satellites 
to  mesometeorology  is  the  opportunity  it 
presents  to  observe  motion  in  the  atmosphere, 
i.e.,  clianges  in  clouds,  fog,  state  of  the  sea, 
etc.  Such  changes  can  be  used  to  measure 
or  infer  winds,  atmospheric  stability,  storm, 


and  other  severe  weather  developments. 
These  changes  provide  the  key  to  prediction 
of  the  weather  on  the  mesoscale.  Given  a 
picture  of  his  region,  say  every  10  minutes, 
coupled  with  other  mesoscale  observations, 
the  mesometeorologist  will  be  able  to  watch 
and  predict  the  development  and  movement 
of  clouds,  storms,  and  other  features.  He 
will  be  better  able  to  predict  when  storms 
will  intensify  or  decrease  in  activity  and 
where  they  will  have  the  most  effect  in  his 
area. 

He  will  be  able  to  observe  the  extent  and 
intensity  of  precipitation,  be  it  rain  or  snow. 
In  addition,  he  will  be  better  able  to  predict 
when  and  where  precipitation  will  occur  and 
its  intensity.  He  also  will  be  able  to  observe 
and  better  predict  the  effects  of  friction  and 
convective  heating  on  the  atmosphere  and  to 
follow  the  movement  and  development  of  re- 
sultant clouds.  Most  importantly,  he  will  be 
able  to  observe  the  existence  and  movement 
of  moisture  instrusions  which  are  not  detected 
by    the    synoptic- scale    observing    network. 

The  satellite  observations  will  provide  data 
over  those  blind  areas  untouched  by  our  point- 
observation  networks  and  will  serve  to  "com- 
plete the  picture"  for  the  mesometeorolo- 
gist. 

There  is  a  requirement  for  the  further 
development  of  instrumentation  to  observe 
from  satellites  the  vertical  profiles  of  tem- 
perature and  humidity  as  a  source  of  input 
data  into  subsynoptic- scale  numerical  predic- 
tion models.  Present  resolution  of  such  de- 
rived profiles  is  about  10  km.  in  the  vertical 
and  several  miles  in  the  horizontal,  which  is 
not  sufficient  for  general  mesoscale  applica- 
tion. 


APPENDIX  H 

MESOCLIMATOLOGY 


I.     Introduction 

The  research  projects  described  in  this  report 
have  been  developed  to  increase  present  capa- 
bility to  forecast  various  subsynoptic- scale  phe- 
nomena. The  climatologist  is  also  very  interested 
in  these  and  other  subsynoptic -scale  phenomena, 
but  more  from  the  viewpoint  of  their  descrip- 
tion and  behavior  in  a  statistical  sense,  than  as 
a    forecast   problem.      This    is  so,  because  the 


climatologist  is  largely  responsible  for  the  proper 
interpretation  of  the  effects  of  the  natural  en- 
vironment on  the  design  of  equipment  and  facili- 
ties and  on  the  development  of  plans  for  which 
the  user  may  later  require  operational  forecasts. 
Both  the  user  and  forecaster  benefit  when,  with 
the  help  of  the  climatologist,  the  designer  or 
planner  is  able  to  take  advantage  of  the  operating 
environment  while  minimizing  its  detrimental 
effects. 
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In  general,  the  forecaster  and  climatologist 
are  interested  in  the  same  meteorological  phe- 
nomena, and  for  the  most  part,  observations 
which  the  forecaster  has  routinely  required  and 
used  over  the  years  are  sufficient  for  the  solu- 
tion of  many  climatological  problems.  In  some 
cases,  the  climatological  requirement  for  ob- 
servations precedes  the  requirement  of  the 
forecaster  for  the  same  type  of  data.  An  example 
is  the  current  need  for  a  better  description 
(climatology)  of  that  part  of  the  natural  environ- 
ment which  should  be  considered  in  the  design 
and  operational  planning  of  the  supersonic  trans- 
port (SST)  aircraft. 

Some  climatological  requirements  for  sub- 
synoptic-scale  research  can  be  met  by  computing 
and  cataloging  various  statistics  from  the  data 
acquired  in  the  research  program  proposed  in 
this  report.  Other  climatological  requirements 
can  be  met  economically  by  acquiring  additional 
data  within  the  same  program.  Several  clima- 
tological research  efforts  that  can  be  undertaken 
in  conjunction  with  the  recommended  research 
are  discussed  in  section  2.  Section  3  describes 
some  additional  desired  research  insubsynoptic- 
scale  climatology  which  would  undoubtedly  help 
meet  future  forecast  requirements. 

II.    Recommended  Climatological  Studies 

The  following  climatological  studies  may  be 
made  using  data  acquired  to  implement  the  re- 
search program: 

A.    Urban-Rural    and  Topographic  Variations  of 
Climate 

The  objective  of  this  project  is  to  better 
describe  the  variations  in  climate  to  be  ex- 
pected over  an  urban-rural  complex  and  over 
an  area  with  topographic  features.  These 
variations  can  be  described  in  general  by 
the  surface  and  low-level  profile  elements  to 
be  observed  in  the  boundary-layer  profile 
project.  The  study  should  be  undertaken  in  an 
area  containing  an  urban-rural  complex.  The 
area  must  possess  the  required  degree  of 
topographic  variability  and  the  observation 
sites  must  be  chosen  to  bring  out  the  desired 
comparisons.  In  addition  to  this,  observa- 
tions must  be  taken  uniformly  over  a  long 
enough  period  of  time  to  provide  some  degree 
of  stability  in  the  statistics  of  the  cases  being 
studied. 

A  better  knowledge  of  the  variations  of 
climate  with  topography  and  of  the  differences 
between  urban  and  rural  climatic  regimes 
will  produce  many  benefits.  This  knowledge 
will  be  reflected  in  the  forecaster's  ability 
to  interpret  weather  information  from  one 
location  to  another  location  in  the  same  gen- 
eral area,  but  with  different  topographic  fea- 


tures and  a  different  position  within  an  urban- 
rural  complex. 

B.  Gust  Structure  of  Strong  Winds 

The  objective  of  this  project  is  to  better 
describe  the  relationship  of  maximum  speeds 
averaged  over  various  periods  from  one 
second  to  five  minutes  under  strong  wind 
conditions  as  a  function  of  elevation,  topog- 
raphy, and  certain  meteorological  param- 
eters. This  project  can  be  undertaken  in  part 
with  the  detailed  wind  data  acquired  in  the 
boundary-layer  profile  project  and  the  severe 
weather  research,  provided  that  the  necessary 
wind  observations  are  made  during  strong 
wind  periods.  Similar  data  from  other  sources 
will  also  be  analyzed. 

A  better  knowledge  of  the  gust  structure  of 
strong  winds  will  result  in  the  specification 
of  more  realistic  criteria  for  engineering 
designs  which  must  consider  wind  load. 

C.  Short-Period  Precipitation  Rates 

The  objective  of  this  project  is  to  develop 
statistics  on  the  extreme  amounts  of  precipi- 
tation that  can  accumulate  over  areas  of  dif- 
ferent sizes  and  for  periods  ranging  from  a 
few  seconds  to  an  hour  or  more,  and  to  re- 
late these  extreme  values  to  standard  param- 
eter statistics. 

Some  of  the  data  for  this  analysis  are  al- 
ready available.  Additional  data  can  be  col- 
lected as  a  part  of  the  severe  weather  and 
cloud-precipitation  projects  but  will  require 
a  high-density  network  of  precipitation  meas- 
uring instruments.  The  accurate  specifica- 
tion of  extreme  rates  of  precipitation  will 
result  in  the  economical  design  of  effective 
drainage  facilities. 

D.  Hail,  Snow,  and  Ice  Loading 

The  objective  of  this  project  is  to  better 
describe  the  snow  and  ice  collection  efficien- 
cy of  various  geometric  forms  and  the  extreme 
loads  to  be  expected  on  these  forms  as  a  func- 
tion of  standard  observed  and  forecastparam- 
eters. 

Data  for  this  investigation  can  be  collected 
as  part  of  the  severe  weather  and  cloud-pre- 
cipitation projects  provided  these  projects  are 
run  during  hail,  snow,  and  icing  situations. 
A  standard  procedure  for  reporting  icing  on 
various  geometric  forms  (wires,  domes, 
etc.)  is  required.  A  standard  instrument  and 
procedure  should  be  specified  for  measuring 
the  weight  (per  unit  area)  of  hail,  snow,  and 
entrapped  liquid  on  a  level  surface.  Addi- 
tional data  for  this  investigation  should  be 
acquired  over  long  periods  of  time  at  other 
regular  reporting  locations.    These  data  will 
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probably  not  describe  the  time  and  space 
variability  of  the  snow- ice  phenomena  in  the 
detail  that  data  acquired  in  the  severe  weather 
and  cloud-precipitation  projects  will  permit. 
This  investigation  should  contribute  to  an 
improved  understanding  of  hail,  snow,  and  ice 
loading  on  various  geometric  forms  and  should 
permit  more  accurate  specification  of  design 
criteria. 

E.  Night  Light  Levels 

The  objective  of  this  project  is  to  determine 
the  amount  of  natural  night  light  in  the  visible 
and  near  infrared  wavelengths  available  at 
the  surface  as  a  function  of  astronomical  and 
meteorological  parameters  and  the  physical 
surroundings.  Data  for  this  investigation 
can  be  acquired  in  conjunction  with  the  pro- 
file and  cloud-precipitation  projects.  Appro- 
priate light-meter  readings  must  be  made 
in  a  variety  of  surroundings  (water,  grass- 
land, sand,  forest,  etc.)  and  related  to  the 
concurrently  observed  meteorological  and 
astronomical  parameters. 

This  project  will  result  in  a  better  un- 
derstanding of  the  meteorological  effects  on 
the  natural  night  light  at  the  surface.  Such 
information  is  needed  for  the  optimum  design 
and  employment  of  night- vision  equipment  for 
reconnaissance,  surveillance,  and  search- 
and-rescue  operations, 

F.  Cloud  Geometry 

The  objective  of  this  project  is  to  determine 
the  horizontal  and  vertical  distributions  of 
cloud  and  cloud-free  spaces  and  to  relate 
these  distributions  to  standard  cloud  observa- 
tion statistics. 

Data  for  this  project  can  be  acquired  in 
conjunction  with  the  cloud-precipitation  proj- 
ect by  taking  additional  special  cloud  obser- 
vations using  vertical  pointing  cloud  radar 
(AN/TPQ-11),  sky  cameras  (including  whole- 
sky  and  stereoscopic),  lidar,  and  standard 
light-beam  probes.  These  data  will  be  re- 
lated to  the  concurrent  standard  cloud  ob- 
servation to  describe,  as  well  as  possible, 
geometric  models  of  cloud  cover  according 
to  reported  types,  amounts,  and  height  of 
cloud  bases. 

This  project  will  result  in  the  more  accurate 
specifications  of  the  probability  of  cloud- 
free  line-of- sight  between  an  observer  and 
a  target  on  the  basis  of  cloud  forecast  or 
climatology.  This  information  has  applica- 
tions in  air-to-air  and  surface-air  recon- 
naissance, surveillance,  mapping,  and  search- 
and-rescue  operations. 


III.    Recommended  Additional  Climatological 
Research 

A.  Duration  Models 

The  objective  of  this  project  is  to  determine 
statistical  models  which  adequately  describe, 
in  a  climatological  sense,  the  probability  of 
specified  meteorological  events  having  cer- 
tain duration  characteristics. 

In  general,  data  are  already  available  for 
the  development  and  test  of  such  models.  As 
far  as  possible  ,  these  models  should  pre- 
scribe duration  probability  as  a  function  of 
the  usual  climatological  statistics.  Thus, 
from  a  knowledge  of  the  frequency  distribu- 
tion of  a  parameter,  one  could  provide  infor- 
mation on  how  often  a  critical  value  would 
be  exceeded  and  the  probability  of  its  duration 
for  at  least  a  certain  period  of  time. 

The  results  of  the  successful  completion 
of  this  research  will  have  wide  application  in 
specifying  criteria  for  design  of  equipment 
which  could  be  degraded  by  continuous  opera- 
tion during  certain  adverse-condition  periods. 

B.  Mesoscale  Variability  to  60  Kilometers 

The  objective  of  this  research  is  to  better 
describe  the  time  and  space  variations,  with- 
in the  subsynoptic-scale,  of  temperature, 
pressure,  density,  and  wind,  to  a  height  of 
60  Kilometers. 

Some  of  this  information  will  be  used  to 
solve  problems  involving  supersonic  trans- 
port (SST)  aircraft  such  as  determining  fuel 
requirements  during  climb.  There  is  a  need 
for  data  on  temperature  variations  through 
distances  of  tens  to  hundreds  of  miles  in  the 
upper  troposphere  and  lower  stratosphere. 
For  problems  involving  SST  vertical  accel- 
eration during  flight  at  constant  pressure 
altitude,  there  is  a  need  for  information  on 
changes  in  geometric  height  of  pressure  sur- 
faces over  short  distances.  For  re-entry 
impact  point  dispersion,  there  is  need  for 
information  on  the  representativeness  of  ra- 
diosonde and  rocketsonde  data  over  periods 
of  minutes  to  hours  and  over  distances  of  tens 
to  hundreds  of  miles. 

1.  Mesoscale  Variability  up  to  30  Kilometers 

Once  each  year  during  the  five-year 
period,  a  series  of  radiosonde  observa- 
tions should  be  taken  at  hourly  intervals 
for  a  72-  to  96-hour  period.  Schedules 
should  be  arranged  to  obtain  measure- 
ments during  various  synoptic  conditions 
(deep  low,  high  pressure,  etc.)  in  dif- 
ferent climatic  regions.    Also,  once  each 
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year,  a  series  of  simultaneous  radio- 
sonde releases  should  be  scheduled  from 
several  locations,  5  to  200  miles  apart, 
to  determine  spatial  variability  over 
short  distances.  Measurement  should 
be  made  during  various  synoptic  condi- 
tions and  in  different  climatic  regions. 

2.  Mesoscale  Variability  at  30  to  60  Kil- 
meters 

Once  a  month  (or  once  every  4  months) 
a  series  of  meteorological  rocket  firings 
should  be  scheduled  to  obtain  wind, 
temperature,  and  density  measurements 
at  three-hour  intervals  throughout  a  24- 
hour  period  in  the  region  between  30  and 
60  km.  Such  firings  should  be  scheduled 
at  several  locations. 

3.  Wind  Profile  Details 

Detailed  wind  soundings  (ROSE  or  JIM- 
SPHERE  balloons)  should  be  taken  two 
times  a  day  at  a  number  of  locations  to 


obtain  data  for  a  climatology  of  small- 
scale  properties  of  vertical  wind  pro- 
files. Time  and  space  studies  should 
also  be  undertaken  to  determine  the 
persistence  of  the  small-scale  features. 
Observations  should  be  analyzed  to  de- 
termine the  most  useful,  valid,  and 
economical  methods  of  collecting  and 
summarizing  data.  Obtaining  represent- 
ative geographical  data  is  limited  by 
the  availability  of  FPS-16  radars. 

4.  Wave  Motions  in  the  Wind  Field 

Multiple  rocket  soundings  are  required 
to  provide  information  on  internal  waves 
in  the  stratosphere  and  mesosphere 
which  will  cause  turbulence-type  ac- 
celerations to  fast-moving  aerospace  ve- 
hicles. Smaller  waves,  approaching 
the  turbulence  regime,  may  not  be  de- 
tectable with  conventional  equipment. 
Smoke  sensors  are  required  to  investi- 
gate this  problem  and  define  it  further. 


APPENDIX  I 

DATA  PROCESSING  AND  ARCHIVING  RECOMMENDATIONS 


I.     Principal  Element  Data 

These  data  will  generally  consist  of  wind,  tem- 
perature and  moisture  values  at  the  surface  and 
at  prescribed  height  intervals  for  each  network 
location  and  each  reporting  time. 

A.  The  system  acquiring  these  data  must  estab- 
lish and  preserve  the  time- space-element 
identity  of  each  bit  of  data. 

B.  Method  of  observation  and  data  accuracy  in- 
cluding instrument  exposure,  response  char- 
acteristics and  calibration  procedures  should 
be  documented. 

C.  The  mechanics  of  data  recording  should  be 
automated  as  much  as  possible.  Direct  digi- 
tized recording  on  magnetic  tape  is  desirable. 
In  addition,  a  central  visual  display  of  in- 
strument response  is  recommended  for  con- 
tinuous monitoring  of  the  system. 

D.  A  data  checking  and  editing  program  should 
be  carried  out  concurrently  with  the  data- 
acquisition  phase  to  minimize  periods  of 
system  failure. 

E.  The  final  edited  and  corrected  data  should  be 
filed  on  magnetic  tape  in  one  or  more  for- 
mats, permitting  rapid  recovery.  Considera- 


tion should  be  given  to  a  dual  system  of  filing: 

(1)  by  site  location  (station-time  series)  and 

(2)  synoptically  (time-station  series). 

F.  Programs  should  be  available  to  recover  data 
by  selected  time-space-element  identifica- 
tion. 

G.  Certain  statistics  should  be  computed  and 
cataloged  routinely  as  part  of  a  uniform  sum- 
mary of  the  data.  These  statistics  might 
include  maximum,  minimum,  mean,  and  vari- 
ance values,  as  well  as  selected  time  and 
space  correlation  coefficients. 

II.     Auxiliary  Measurements  and  Information 
From  Within  the  Subsynoptic  Networks 

This  group  may  include  standard  surface  ob- 
servations, radar  observations,  cloud  photographs 
and  radar  records,  and  measurements  of  solar 
and  net  radiation,  soil  temperature  and  soil  mois- 
ture. It  may  include  information  on  surface 
roughness  and  cover  classification,  and  a  physical 
description  of  the  network  terrain  and  open  water 
areas.  It  also  should  physically  describe  heat 
and  smoke  sources,  showing  periods  of  activity. 
Data  should  be  filed  in  formats  compatible  with 
the  basic  data  filing  system.    Image-type  records 
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(sky  camera,  radar,  satellite,  etc.)  may  require 
special  handling  and  filing.  Consideration  should 
be  given  to  possible  gray- scale  digitization  and 
areal  rectification  of  these  records.  Aircraft 
reports,  one-of-a-kind  observations,  descriptive 
information,  etc.,  will  require  special  handling 
and  filing  according  to  form  and  content.  Con- 
sideration should  be  given  to  identifying  and  fil- 
ing these  data  and  information  in  a  "project  log." 

III.     Supplemental  Data  and  Information  From 
Within  300  Kilometers  of  the  Subsynoptic 
Networks 

This  group  should  include  all  available  surface 
and  upper-air  synoptic  data.  It  should  contain 
reports  such  as  pireps,  rareps,  and  certain  ana- 
lyzed charts  (NMC-type)  showing  general  synop- 
tic features  relative  to  the  subsynoptic  network 
area. 


A.  Synoptic  data  should  be  extracted  from  routine 
collections,  then  checked,  edited  and  filed  on 
magnetic  tape  in  formats  compatible  with  the 
principal  element  data. 

B.  It  may  be  desirable  to  file  pireps,  rareps, 
and  other  applicable  observations  according  to 
the  parameter  observed  (turbulence,  thunder- 
storm-cell location,  etc.). 

C.  The  selected  charts  probably  should  be  pho- 
toreductions  of  NMC  originals.  These  could 
be  filed  as  part  of  the  project  log. 

D.  Selected  forecasts  and  records  necessary  for 
their  verification  are  a  special  problem.  The 
desired  data-handling  system  will  depend 
largely  on  the  amount  of  data,  as  well  as  the 
form  and  content  of  the  data,  which  the  re- 
searcher must  specify. 
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